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PREFACE 



The Elements of Htdbostatics seem capable of being 
presented in a simpler form than tbat in which they 
appear in all the works on the subject with which I am 
acquainted. I have therefore attempted to give a simple 
explanation of the Mathematical Theory of Hydrostatics, 
and the practical application of it. 

Prior to the publication of this work some copies were 
privately circulated with a view to obtain opinions from 
Teachers of experience as to the sufficiency and accuracy 
of the information contained in it. A few suggestions 
received in consequence of this arrangement will be found 
in the Notes at the end of the volume. 

I am indebted to several friends for the collection of 
Miscellaneous Examples given in Chapter vni. In 
conclusion I have to express my thanks for the favour 
with which my attempts to simplify the course of OElemen- 
tary Mathematics have been received by College Tutors 
and Masters in Schools. 

J. HAMBLIN SMITH. 

Cambridge, 1870. 
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HYDROSTATICS. 



CHAPTER 1. 
On Fluid Pressure, 

1. Htdbostatios was originally, as the name imports, the 
science which treated of the Equilibrium of Fluids, or of 
bodies in equilibrium under the action of forces some of 
which are produced by the action of fluids. It is now ex- 
tended so as to include many other theorems relatmg to the 
properties of fluids. 

2. A fluid is a substance whose parts yield to any force 
impressed on it, and by yielding are easily moved among 
themselves. 

3. This defimtion separates fluids from rigid bodies, in 
which the particles cannot be moved among each other by any 
force, however great^ but it does not separate fluids from 
powders, such as flour, in which we have a collection of 
particles which can be moved among themselves by the appli- 
cation of a slight force. 

4. A fluid differs from a powder in this way: the particles 
composing a powder do not move among themselves without 
friction, whereas the particles that make up a fluid move one 
over another without any friction. 

For example, if you empty a mug of flour on a table the 
friction between the particles will soon bring the flour to rest 
in more or less of a heap: whereas if you empty a mug of 
water the particles, moving without friction, run in all direc- 
tions, and the whole body of water is spread out into a very 
thin sheet 

s. n. \ 
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5. To distinguish fluids from powders we must therefore 
make an addition to Art. % and we give the following as a 
complete definition of a fluid. 

Dep. a fluid is a substance whose parts yield to any force 
impressed on it, and by yielding are ea^sily moved among 
themselves without friction, and also act without friction on 
any surface with which they are in contact. 

This definition includes not only the bodies to which in 
ordinary conversation we apply the terms "fluid" and "liquid," 
such as water, oil, and mercury, but also such bodies as air, 
gas and steam. 

6. Fluids may be conveniently divided into two classes, 
liquid and gaseous. By the term liquid we understand an 
incompressible and inelastic fluid. In reality all fluids with 
which we are acquainted are compressible, that is, a given 
volume of fluid can by pressure be reduced in volume. Still 
so great a force is required to compress to any appreciable 
extent such fluids as water and mercury, that we may regard 
them as incompressible in treating of the elements of the 
subject. 

7. The inelastic fluids with which we are practically 
acquainted approach more or less to a state of perfect fluidity, 
but in all there is a tendency, greater or less, of adjacent 
particles to cohere with each other. This tendency is stronger 
in such fluids as oil, varnish and melted glass, than in such as 
water and mercury. Hence the former are called imperfect 
or viscous fluids. 

8. The air which wo breathe and gases are compressible 
fluids, and are endowed with a perfect elasticity, so that they 
can change their sliape and volume by compression, and when 
the compression ceases they can return to their former shape 
and volume. 

9. Tapours, as steam, are elastic fluids, but with this 
peculiarity: at a given temperature in a given space only a 
certain quantity of vapour can be contained, and if the space 
or the temperature be then diminished, a portion of the 
vapour becomes liquid, or even in some cases a solid. 

10. Before proceeding further with our subject we mu§t 
explain the paeaning of some technical terms which we shall 
have to employ frequently. 
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11. A Piston is a short cylinder of wood 
or metal, which fits exactly the cavity of 
another cylinder, and works up and down 
alternately. 

12. A Valve is a closed lid affixed to 
the end of a tube or hole in a piston, open- 
ing into or out of a vessel, by means of a 
hinge or other sort of moveable joint, in such 
a manner that it can be opened only in one 
direction. 

13. A Prism is a solid figure, the ends 
of which are parallel equal and similar plane 
figures, and the sides which connect the ends 
are parallelograms. 

The figure represents a rectangular prism, in which each of 
the linos bounding the surfaces of the prism is at right angles 
to e^ich of the four lines which it meets. 




14. We shall often have to use the expression Horizontal 
Section of a tube or hollow cylinder, and we may explain the 
meaning of the expression by the following example : 

Suppose a gun-barrel to be placed in a vertical position : 
suppose a wad to be part of the way down the barrel with its 
upper surface exactly parallel to the top of the barrel: then 
suppose the barrel to be cut away so as just to leave the 
upper surface of the wad exposed : the area of this surface of 
the wad is called the horizontal section of the barrel. 

16. The mathematical theory of Hydrostatics is founded 
on two laws, which we shall now explain. 
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16. Law I. The force exerted hy a fluid on any surfcu:e^ 
with which it ie in contact, ie perpendicular to that turf ace, 

17. This law is merely a repetition of the definition of a 
floid giren in Art 6, and we can best explain its meaning and 
application by an example. 

If AB be a cylinder immersed in a fluid the pressures 
the fluid on the curved surface are all perpendicular to the 




axis of the cylinder, and the pressures of the fluid on the flat 
ends are all parallel to the axis. 

Now it is a law of Statics that a force has no tendency to 
produce motion in a direction perpendicular to its own direction. 

Hence the pressures on the curved surface have no tend- 
ency to produce motion in the direction of the axis, and the 
pressures on the flat ends have no tendency to produce motion 
iu a direction perpendicular to the axis. 

18. Law II. Any pressure communicated to the surface 
qf a fluid is equally transmitted through t/ie whole fluid in 
every direction. 

19. A characteristic property of fluids which distinguishes 
them from solid bodies is this faculty which they possess of 
transmitting equally in all directions the pressures applied to 
their surfaces. 
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It is of great impoHamoe to form a Qorrect notion of the 
principle of 'Hhe equal transmission of pressure,'* a principle 
which is applicable to all fluids, inasmuch as it depends upon 
a property which is essential to all fluids and is not an acci- 
dental property, as weighty colour, and others. 

20. Suppose then we take a vessel ABCD, in the form 
of a hollow rectangular prism, and place it on a horizontal 
table. 

Place a block of wood, cut to fit the vessel, so that it rests 
on the base BC and reaches up to the level EI[ 



Then if we place a weight P on the top of the block an 
additional pressure P will be imposed on the base of the 
prism. 

Now suppose the block to be removed and the vessel filled 
with an incompressible fluid up to the level of EF. 

Suppose a piston exactly fitting the vessel to be inserted 
and a pressure P applied by means of it to the surface of the 
fluid at EF 

In this case the pressure P is transmitted by means of the 
fluid not only to the base EC, but also to ths sides of the vessel, 
and if we tf^e a unit of area, as a square inch, in the side JF*0, 
and a unit of area in the base BC, the same additional pres- 
sure will be conveyed to each. 
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21. That fluids transmit pressure equally in all direc' 
Hons maybe shewn experimentally in the following manner: 




ABC is a vessel of any shape filled with fluid. 

Make openings of equal area A, B, C. 

Close the openings by pistons, kept at rest by such a force 
as may be required in each case. Then it will be found that if 
any cuiditional force P be applied to the piston at -4, the 
same force P must be applied to each of the pistons at B and 
C to prevent them from being thrust out. 

If the area of the base of one of the pistons, as By be larger 
than the area of the base of the piston A, it is found that the 
pressure which jnust be applied to B to keep it at rest bears 
the same relation to the pressure applied to A that the area 
of the base of B bears to the area of the base of A, 

22. From the preceding article it is clear that if a body of 
fluid, supposed to be without weight, be confined in a closed 
vessel, the pressure communicated to the fluid by any area in 
any part of the vessel will be transmitted equally to every 
equal area in any other part of the vessel. 

It is owing to this fact that the use of a Safety Valve can 
be depended on. 
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Thus, if the vessel A be full of steam and the pressure of 
the steam be required to be kept down to 200 fbs. on the 
square inch, if a valve verbose area is a square inch, be 
placed at any part of the vessel, and be so loaded that it will 
require a force of 200 lbs. to raise it, then if the steam* acquire 
an increase of pressure above 200 lbs. on the square inch, the 
valve will open, and will remain open till the pressure of the 
steam is just equal to 200 lbs. on the square inch. 

23. Any force, however small, may hy tJie trantmission. 
of Us pressure through a Jluid, be made to support any 
weight, however large. 




Suppose DE and FH to be two vertical cylinders, con- 
nected by a pipe EH, and suppose FH to have a horizontal 
section much larger than the horizontal section of DE: for 
instance, let the area of a horizontal section of FH be 400 
square inches, and the area of a horizontal section of DE be 
1 square inch. 

Now if water be poured into the cylinders, and pistons A 
and B be applied to the surface at D and F, whatever force 
we apply to A will be transmitted to each portion of the base 
of the piston B which is equal in area to the base of the 
piston A, 

"Hence a pressure of 1 lb. applied to the pistqn A vrill pro- 
duce a pressure of 400 lbs. on the base of the piston B, and 
vdll therefore support a weight of 400 lbs. placed on the 
piston B. 

This effect of pressure by the medium of a fluid is often 
called The Hydrostatic Paradox. 
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BZAMPLES.— I. 

(1) Ik the experiment described in Art 23, if the herisontal 
section of the small cylinder be 1} inches, and that of the larger 
cylinder 64 inches, find the weight supported under a pres- 
sure of 1 ton exerted on the piston of the small cylinder. 

(2) If the horizontal section of the small cylinder be 1} 
inches, and that of the laige cylinder 240 inches, find the 
weight supported by a pressure of 3 cwi applied to the piston 
of the small cylinder. 

(3) If the pistons are circular, the diameters being 1} inch 
and 50 inches, find the weight supported by a pressure of 
15 lbs. applied to the smaller piston. (N.B. The areas of 
circles are as the squares of their diameters.) 

(4) A closed vessel full of fluid, with its upper surface 
horizontal, has a weak part in its upper surface not capable 
of bearing a pressure of more than 4| pounds on the square 
foot. If a piston, the area of which is 2 square inches, be 
fitted into an aperture in the upper surface, what pressure 
applied to it will burst the vessel? 

(5) A closed vessel full of fluid, with its upper surface 
horizontal, has a weak part in its upper surface not capable of 
bearing a pressure of more than 9 lbs. upon the square foot 
If a piston, the area of which is one square inch, be fitted into 
an aperture in the upper surface, what pressure applied to 
it will burst the vessel ? 

(6) If the horizontal section of the small cylinder be 1} inch 
and the diameter of the large piston 20 inches, find the lifting 
power of the machine under a pressure of 1 ton exerted on the 

22 

piston of the small tube. (N.B. The area of a circle is 
times the square of the radius nearly.) 
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24. The pressure aJt any point in any direction in a floid 
is a conyentional expression used to denote the pressure on a 
unit cflf area imagined as containing the point, and perpen^eu- 
lar to the direction in question. 

For example, if the whole pressure of a fluid on the 
bottom of a vessel is 2000 lbs., and the pressure is uniform 
tJiroughout^ then if we take a square inch as the unit of area, 
and the area of the bottom of the vessel is 40 square inchesi 

2000 

the pressure <A a point in the base is lbs. or 50 lbs. 

25. The student must carefully observe the distinction 
between the expressions ''pressure <m a point" and ''pressure at 
a point" : the former is zero, because a point has no magnitude. 

26. If a mass of fluid is at rest) any portion of it may be 
supposed to become rigid without affecting the conditions of 
equilibrium. 

Thus if we consider any portion A of the fluid in a closed 
vessel, we may suppose the fluid in A to become solid, while 
the rest of the fluid remains in a fluid state, or we may suppose 
the fluid round A to become solid, while the fluid in A 
remains in a fluid state. 




27. The importance of the principle laid down in the pre- 
ceding article may be seen from the following considerations. 
The laws of Statics are proved only in the case of forces acting 
on rigid bodies. Now since the supposition of any part of a 
fluid becoming solid does not affect the action of the forces 
actmg upon it, and since we can in that case obtain the effect 
of those forces by the laws of Statics, we shall know their 
effbct on the fluid. 
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28. If a body of fluid, supposed to be without weight, be 
confined in a closed vessel, so as to exactly fill the vessel, an 
equal pressure will be exerted on the fluid by every equal 
area in the sides of the vessel (Art. 22), and we proceed to 
shew that the pressure is tlie same in all directions at every 
point of the fluid. 

For let be any point in the fluid, and AB^ CD two plane 
surfaces, each representing a unit of aro% passing through O 




and parallel to two sides of the vessel EF^ GH, Then drawing 
straight lines at right angles to ABy CD from the extremities 
of AB, CD to the sides of the vessel, we may imagine all the 
fluid except that contained in the prism ABNM to become 
solid. 

Then the pressure exerted on the fluid by the area MN 
win be transmitted U> AB, 

Again, if we suppose all the fluid except that contained in 
tlie prism CDSR to become solid, the pressure exerted on the 
fluid by the area RS will be transmitted to CD, 

Now the pressures exerted on the fluid by the areas MN^ 
RS are equal, and consequently the pressures on AB, CD 
will be equal, that is, the pressure at the point is the same 
in aU directions. 

Also since the distance of the point from the sides of the 
vessel is not involved in the preceding considerations, it 
follows that the pressure is the same at every point. 



CHAPTER 11. 



On the Pressure of a Fluid acted m ty Gravity, 

29. In the preceding chapter we considered the conse- 
qnonces that result from the peculiar property, essential to all 
fluids, of transmitting equally in all directions the pressures 
applied to their surfaces. 

We have now to consider the effects produced by the 
action cf gravity upon the substance of a fluid. 

30. The student must mark carefully the distinction be- 
tween force applied to a surface and force applied to each 
of the particles composing a body. As an example of these 
distinct forces consider the case of a book resting on a table. 
Force is applied to the surface of the book by the table, and 
thus is counterbalanced the force of gravity which acts upon 
each particle of which the book is composed. 

31. All fluids are subject to the action of gravity in the 
same way as solid bodies. Each particle of a fluid has a tendency 
to fall to the surface of the earth, and in a mass of fluid at rest 
tliere is a particular point, called the centre of gravity, at 
which the resultant of all the forces exercised by the attrac- 
tion of the Earth on the particles composing the fluid may be 
supposed to act 

32. The term density is applied to fluids, as it is to solid 
bodies, to denote the degree of closeness with which the parti 
cles are packed. 
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When we speak of a fluid of unifima density, we mean that 
if from any part of the body of fljiid a portion be taken, and if 
from any other part of the body of floid a portion like in form 
and equal in volume to the former portion be taken, the 
weights of the two portions will be equal. 

33. If a vessel be filled with a heavy fluid of uniform density 
the pressure at every point in the interior of the fluid will not be 
the same, because the pressure which results from the action 
of gravity will vary in magnitude according to the position of 
the point m the containing vessel. 




Consider a closed surface of small dimensions containing 
the point and suppose the fluid outside the closed surface 
to become solid. The fluid to^Uhin the closed surface will 
exercise pressure against the surface at every point, and these 
pressures will be unequal, because the fluid is acted on by 
gravity. But we may conceive that, if the quantity of fluid 
within the surface be very smaU^ the difference between the 
pressures at different points of the surface will be very small, 
and when the surface is indefinitely diminished the pressures 
exercised by the fluid at each point of the surface may be 
regarded as equal, and the weight of the fluid may be neglected. 

Thus we can consider it as the case of a weightless fluid 
and apply the conclusions of Art. 28. 

Hence all the planes of equal area which can be drawn, 
passing through the point A and not extending beyond the 
$mall »urfae€y may be considered to be subject to equal 
pressures. 
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So we conclude that in a heavy fluid of uniform density 

(1) The pressure will vary from point to point 

(2) The pressure will be the same in all directions at any 
particular point 

34. We have next to consider in what way the pressure 
varies from point to point in the interior of a fluid of uniform 
density when it is in equilibrium, and first we shall shew ihaJt 
the preMure u the same at aU points in the same horizontal 
plane. 

Let A and B be two points in the same horizontal plane in 
the interior of a fluid of uniform density. 




Imagine all the fluid contained in a small horizontal cylin- 
der, of which AB is the axis, to become solid. 
Then the forces acting on the cylinder are 

(1) The fluid pressures on its curved sur&cel perpendicular 



Of these (1) and (2) have no tendency to produce motion in 
the direction of the axis (Art. 17). 

Therefore, since there is no horizontal motion, 
fluid pressure on end A =s fluid pressure on end B. 

And since, the ends being very small, the pressure at every 
pmnt in each end may be regarded as the same. 



(2) The weight of the cylinder 

(3) The fluid pressure on the end A^ 

(4) The fluid pressure on the end B^ 




parallel to the axis. 



pressure at point = pressure at point B. 
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35. The pressure at any point within a heavy inelastio 
fluid, not exposed to external pressure, is proportional to 
the depth qf that point below the surface qf the fluid. 



A B 




Let P and Q be two points at different depths below the 
surface of the fluid. 

Suppose two small equal and horizontal circles to be 
described round P and Q as centres. 

Then suppose the fluid in the two small vertical cylinders 
PA, QB, extending from the bases P and Q to the surface, to 
become solid. 

Now the forces acting on the cylinder PA are 

(1) The fluid pressures on its curved surface, all of which 
are perpendicular to the axis. 

(2) Tlie weight of the cylinder \ , , 

(3) The fluid pressure on the base Pf ^^"^^^^ ^^^"^ 

Of these (1) has no tendency to produce motion in the 
direction of the axis (Art. 17). 

Hence since there is no vertical motion, 

fluid pressure on base P= weight of cylinder PA. 
So also, fluid pressure on base Q= weight of cylinder QB. 
Hence 

pressure at point P : pressure at point Q 

:: pressure on base P: pressure on base Q, (Art. 24.) 
:: weight of cylinder PA : weight of cylmder QB, 
:: length of PA : length of QB (the bases being equal), 
:: depth of P : depth of Q, 

Cob. If pressure at P= pressure at Q 
depth of P = depth of Q, 
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The pressure of the atmosphere on the surface of the fluid 
is not taken into account, but we shall shew hereafter how it 
affects the pressure at a point in the interior of a fluid. 



36. 7^6 surface of a 
horizontal. 



heavy inelastic fluid at rest is 



Let A and B be two points in the same horizontal plaae 
in the interior of a heavy fluid at rest. 

Suppose the fluid contained in a small horizontal cylindei^ 
of fluid, of which ABh the axis, to become solid. 

Then, fluid pressure on end -4= fluid pressure on end B 
(Ar:. 34), and, since the ends are equal, 

fluid pressure at point -4 = fluid pressure at point B, 
Hence A and B are at the same depth below the surface 
of the fluid (Cor. Art. 35), and if we draw AC, BD vertically 
to meet the surface in C, D, 

AC=BD, 
also, AC\% parallel to BD ; 

CD is parallel to AB (Eucl. i. 33) ; 

CD is horizontal 

Similarly any other point in the surface may be proved to 
be in the same horizontal plane with Cor D; 

the surface is horizontal. 

37. The proposition that the surface of a fluid at rest 
is horizontal is only true when a very moderate extent of 
surface is taken. 

Large surfaces of water assume, in consequence of the 
attraction exercised by the earth, a spherical form. 
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The following practical iresults are worthy of notice: 

(1) All fluids find their level. If tubes of various shapes, 
some large and some small, some straight and others bent, be 
placed in a closed vessel full of water, and water be then 
poured into one of the tubes, the fluid will rise to a uniform 
height in it and all the other tubes. 

(2) If pipes be laid down from a reservoir to any 
distance, the fluid will mount to the same height as that to 
which it IB raised in the reservoir. 

(3) The surface of a fluid at rest furnishes a means of 
observing objects at a distance in the same horizontal plane 
with a mark at the place of observation. 

33. We have seen that in an inelastic fluid at rest the 
pressure at any point depends on the depth of that point 
below the surface of the fluid, that is, on the length of the 
vertical line drawn from the point to meet a horizontal line 
drawn through the highest point in the fluid. 

Thus if ABC be a conical vessel with a horizontal base, 
ctanding on a table, and filled with fluid, the pressure at any 
point P is determined m the following manner. 



B A 




From A, the highest point of the fluid, draw a vertical line 
meeting the horizontal plane passing through P in thepoiut Q. 

Then the pressure at P= pressure at Q, because P and Q 
are in the same horizontal plane. 

But pressure at Q depends on the length oiAQ: 
therefore pressure at P depends on the length of PB^ a line 
drawn vertically to meet the horizontal line AB» 
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39. If a vesfd^ qf which the bottom is horizontal and 
the sides vertical, he filled with fluid, the pressure on the 
bottom will be eqiuU to the weight qf the fluid. 
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Let ACDB (fig. I.) be a vessel whose bottom, CD, is hori- 
zontal, and its sides vertical. We may consider the fluid in 
this vessel to be made up of vertical columns of fluid. Each of 
these columns will press vertically downwards with its weight, 
and the sum of these pressures will be the weight of the fluid. 
Now the base of the vessel, being horizontal, vnill sustain all 
these vertical pressures; 

.'. pressure on the base of the vessel = weight of the fluid. 

If the sides of the vessel be not vertical, as in figs. II. and 
III., the pressure on the base will be equal to the weight of a 
column of fluid JECDF, EC and FD being perpendicular to 
CD, and EF being the surface of the fluid. 

Hence if ia the three vessels the bases are equal and 
on the same horizontal plane, and the fluid stands at the same 
height in the vessels, the pressure on the base in each case 
will be the same. 

The fluid in vessel I. produces a pressure on the base equal 
to its own weight. 

The fluid in vessel II. produces a pressure on the base less 
than its own weight. 

The fluid in vessel III. produces a pressure on the base 
greater than its omi weight 



s. n. 
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Examples.— II. 

(1) If the pressure at a depth of 32 feet be 15 lbs. to the 
square mch, what will the pressure be at a depth of 42 feet 
8 inches ? 

(2) If the pressure at a depth of 8 feet be 14| lbs. to the 
square inch, what will be the pressure at a depth of 20 ft 6 in.? 

(3) In two uniform fluids the pressures are the same at 
the depths of 3 and 4 inches respectively : compare the 
pressures at the depths of 7 and 8 inches respectively. 

(4) In two uniform fluids the pressures are the same at the 
depths of 2 and 3 inches respectively : compare the pressmres 
at the depths of 9 and 12 inches respectively. 

(5) Find the height of a column standing in water 30 feet 
deep, when the pressure at the bottom is to the pressure at 
the top as 3 to 2. 

(6) If the pressure of a .uniform fluid, not exposed to 
external pressure, be 15 lbs. to the square inch at a depth of 
15 feet, what will be the pressure at a depth of 12 feet ? 

(7) If the pressure of a uniform fluid, not exposed to 
external pressure, be 3 lbs. to the square inch at a depth of 
4 feet, what will be the pressure on a square inch at a depth of 
12 feet ? 

(8) What is the pressure on the horizontal bottom of a 
vessel fiiled with water to the depth of 1\ feet, the area of the 
base being 20 square feet, and the weight of a cubic foot of 
water 1000 oz. ? 

(9) A cubic foot of mercury weighs 13600 oz. Find the 
pressure on the horizontal base of a vessel containing mercury, 
the area of the base being 8 square inches, and the depth of the 
mercury 3 inches. 

(10) What is the pressure on the horizontal base of a vessel 
filled with water to the depth of 15 feet, the area of the base 
being 24 square feet, and the weight of a cubic foot of water 
1000 oz. ? 

(11) A cistern shaped like an equilateral triangle of which 
one side is 6 feet is filled with water to the depth of two feet : 
find the pressure on the base, the weight of a cubic foot of 
water being 1000 oz. 
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(12) The spout of a teapot springs from the middle point 
of one side, and its upper extremity is on a level with the lid. 
If the spout be broken off half-way, how high can the teapot be 
fiUed? 

(13) When bottles that have been sunk in deep water have 
been brought up, their corks have been found driven in. How 
do you explain this ? 

(14) If a pipe, whose height above the bottom of a vessel is 
112 feet, be inserted vertically in the vessel, and the whole be 
filled with water, find the pressure in tons on the bottom of 
the vessel, the area of the bottom being 4 square feet, and the 
weight of a cubic foot of water 1000 oz. 

(15) A hole, a square inch in area, is bored in the flat 
cover of a vessel full of water, and a smooth piston weighing 
7 lbs. 13 oz. is fitted into it; a vertical tube is then fitted into 
another hole in the cover, and water is poured into it: find 
how high the water must be made to ascend in it in order that 
the piston may be driven out^ a cubic foot of water weighing 
1000 oz. 



CHAPTER III. 



On Specific Gravity. 

40. Some substances are from the nature of their compo- 
sition more weighty than others. We call gold a heavier metal 
than lead, because we know by experience that a given volume 
of gold is more weighty than an equal volume of lead. 

41. We make a distinction between the terms weight and 
weightiness. 

We speak of the weight of a particular lump of gold or iron. 

We speak of the weightiness of gold or iron, not referring 
to any particular lump, but to the special characteristics of the 
metals in question. 

Further we say that gold is heavier than iron, having no 
particular lump of the metals in view, but expressing our 
notions of the degree of weightiness that is peculiar to either 
substance. 

This degree of weightiness is known by the name Specific 
Gravity. 

Dep. The Specific Gravity of a substance is the degree of 
weightiness of that substance. 

42. If of two substances, one of which is twice as weighty 
as the other, we take two lumps of equal volume, the weight 
of one lump is evidently twice that of the other : and, generally, 
if one substance be S times as weighty as the other, the weight 
of any volume of the first is S times the weight of an equal 
volume of the other. Now by a substance, the measure of the 
specific gravity of which is we mean a substance which is 8 
times as weighty as the standard by which specific gravities are 
estimated. Therefore any volume of this substance will weigh 
S times as much as the equal volume of the standard. 
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43. The requisites for a Standard are that it should be 
definite and uniform, and these requisites are possessed by 
Pure Distilled Water at a certain temperature. This substance 
is therefore taken as the standard for estimating the specific 
gravities of solid bodies and inelastic fluids. 

• 

44. When we say that the specific gravity of gold is 19, 
we mean that the specific gravity of gold is 19 times that of 
Pure Distilled Water, and therefore a given volume of gold 
weighs 19 times as much as the same volume of distilled water. 

45. To measure the Weight of a body we must have a unit 
of weight, and to measure the Volume of a body we must have 
a unit of volume. These units we may select in any way that 
may suit our purpose, and we connect them with the unit of 
specific gravity by the following convention : 

The unit cf specific gravity is the specific gravity of that 
mbstance of which a unit of volume contains a unit of toeight, 

46. To find the numerical relation existing between the 
measure qf the specific gravity cf a substance and the mea- 
sures cf the weight and volume qf any given quantity cf the 
substance. 

Let W represent the measure of the weight of a substance, 
that is the number of times it contains the unit of weight. 

Also, let V represent the measure of the volume of the 
substance, that is the number of times it contains the unit of 
volume. 

And let S represent the measure of the specific ^vity of 
tiie substance, that is the number of times it contains the unit 
of specific gravity. 

Then one unit of volume of this substance will weigh S 
times as much as a unit of volume of the standard substance, 
(Art. 42) that is, its weight is S times the unit of weight 

Therefore the weight of V units of volume is VS times 
the unit of weight; 

therefore the measure of the weight of F units of volume 
of the substance is VS; 

but this measure we have denoted by W; 

w= VS. 



±2 
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47. The equation W= VS gives us merely the relation 
between three numbers, and two of these must be given is 
order that we may determine the third. 

When we have found it we know the measure of the weight 
or volume or specific gravity, as the case may be, and we must 
have the unit of weighty or of volume, or of specific gravity also* 
given to enable us to determine the weight or volume or 
specific gravity of a particular substance. So that we may put 
it thus : 

measure of weight = VS, 
W 

measure of volume = , 



measure of specific gravity =-p- ^ 

and 

weight = Fiy times (unit of weight), 
W 

volume =-Q- times (unit of volume), 



specific gravity =^ times (unit of specific gravity). 



48. A cubic foot of pure distilled water at a temperature 
of 62® Fahrenheit weighs about 998 oz., and for rough calcula- 
tions it is assumed that the weight of a cubic foot of water is 
1000 ounces. 

Then if we take 1 cubic foot as our unit of volume and pure 
distilled water as our standard of specific gravity, the unit of 
weight will be 1000 ounces. 

Or if we prefer to take 1 lb. avoirdupois as our unit of 
weight and pure distilled water as our standard of specific 

16 

gravity, the unit of volume will be of a cubic foot, that is 
•016 cub. ft. 
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49. We shall next explain how quantities are measured ; 
and then we shall give three examples, worked out first on the 
dupposition that 1 cubic foot is taken as the unit of volume, and 
secondly, on the supposition that 1 lb. avoirdupois is taken as 
the unit of weight, so that the student may see that the same 
result must follow from both suppositions, and that such a 
choice may be made as to the units as may be suitable to any 
particular casa 

60. To numure any quantity we fix upon some definite quan- 
tity of the same kind for our standard, or unit, and then any 
quantity of that kind is measured by finding how many times it 
contains this unit, and this number of times is called the 
measure of the quantity. 

For example, if one pound avoirdupois be the unit of weight, 
the measure of 16 lbs is 16. Or, to put our calculations in a 
tabular form, we may give the following Examples : 

Unit Quantity; Measure. 

1 lb. avoird. 8 lbs. & 

1 lb. avoird. 4 oz. 7. 



1 lb. avoird. 



1 lb. troy. 



5760 
7000* 



1 cub. ft. 



6 J cub. ft. 



6-6. 



1 cub. ft. 



3 cub. in. 



3 

1728* 



1000 oz. av. 



14 lbs. av. 



14xJ6 
1000 • 



'016 cub. ft. 



5 cub. in. 



5 



1728 X -016 • 
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61. First, when 1 cubic foot is taken as the unit of yolmne, 
and consequently 1000 oz. as the unit of weighty to solve the 
following examples : 

Ex. (1) The specific gravity of lead is 11*4, find the 
weight of 720 cubic inches of lead. 

Weight required = VS (unit of weight) 

= X 11 -4^ times 1000 oz. 
=4760 oz. 
=296 1 lbs. 

o 

Ex. (2) If 6 cubic feet of a substance weigh 240 lbs., what 
is its specific gravity 1 

„ TXT 240x16 ^ 

W 

Sp. grr required = (unit of specific gravity) 
240 X 16 

= ^ (unit of specific gravity) 

= 2000^^x5 specific gravity) 

=*768 (unit of specific gravity). 

Ex. (3) What is the volume of a substance whose specific 
gravity is 9*6 and whose weight is 4200 lbs. ? 

rxr 4200x16 a 

^^'®^=n[ooo->^=^'^- 

W 

Volume required (unit of volume) 

4200 X 16 

' cub. ft. 
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62. Secondly, when 1 lb. ayoirdupois is taken as the unit 
of weight, and consequently '016 cub. ft as the unit of yolume, 
our examples will stand thus : 

Ex. (1) 

Weight required = VS (unit of weight) 
=296 I lbs. 

Ex. (2) 

Here ^=240, r=.-A. 

W 

Sp. gr. required = -y (unit of specific gravity) 

= (unit of specific gravity) 
•0l6 

240 x 016 



(unit of specific gravity) 



5 

=•768 (unit of specific gravity). 



Ex. (3) 



Here Fr= 4200, aS'= 9-6. 

W 

Volume required = (unit of volume) 

= times '016 cub. ft. 
4200x16 . f, 

=F?7Tooo*^^-**- 
.= 7 cub. ft. 
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53. If a number of substances be put together to form a 
mixture, we shall genercUly have the following relations : 

(1) sum of measures of weights of compounds ameajsure of 
weight of mixture. 

(2) sum of measures of Tolumes of compounds = measure of 
volume of mixture. 

Thus if tr,, be the measures of the weights, 

^» ^Bi volumes, 

^ 9i9 specific gra- 
vities of the compounds, and 

w, Vy 8 the measures of the weight, volume and 
specific gravity of the mixture, we shall have 

«?i+fi?,+fi?8+ =tr, 

»i+t?,+t>,+ =v\ 

and therefore 

+ V» + + = 

+ + ... J£ 

NoTB. We say that these relations hold generally, because 
in some cases, when substances are mixed, the volume of the 
mixture is not equal to the sum of the volumes of the two 
substances. For instance, 70 pints of sulphuric acid mixed 
with 30 pints of water will make a mixture of less than 99 pints. 

54. In applying these formulae to the solution of examples, 
we may take any unit of volume or of weight, adhering to 
it through the whole calculation. 

Ex. (1) To find the specific gravity of a mixed metal com- 
posed of 5 cubic inches of copper, specific gravity 9, and 8 cubic 
inches of tin, specific gravity 7*2. 

^noe 9| #1 + 9, «s = vSf 
if we take 1 cubic inch as the unit of volume, we have 

5x9 + 8x7'2=(6 + 8)*; 

46 + 57-6 
/. #= — ^ — = 7*96 nearly. 
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Ex. (2) Ten pounds of fluid, specific grayity 1'06, are 
mixed with 15 pounds of distilled water. Find the specifio 
gravity of the mixture* 

Si-" 7-^? = 7. 

if we take 1 lb. as the unit of weight, we hare 

JO^ 15 25 
106 1 " # ' 
2 6 

•'•*"105' 

105x6 105 , 

55. The Density qf a substance is ths degree of closeness 
with which the particles composing the stibstance are packed 
together. 

The difference between density and specific gravity may 
be stated thus : in estimating the density of a body we take 
into account the quantity of matter contained in a given 
volume : in estimating the specific gravity of a body we take 
into account the effect of the action of gravity on a given 
volume. 

If we take the same substance, as pure distilled water, 
as that to which we refer as a standard in measuring the 
density and specific gravity of another substance, the 
measures of the density and specific gravity will be the 
same. 

Examples.— III. 

(1) The specific gravity of copper is 8'91 ; find the weight 
of 512 cubic inches of copper, a cubic foot of water weighing 
1000 oz. 

(2) If 4 cubic inches of iron weigh as much as 72 cubic 
inches of amber, compare the specific gravities of iron and 
amben 
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(3) The specific gravity of mercury being 13*5, find the 
weight of one cubic inch of it, having given that a cubic foot of 
water weighs 1000 oz. 

(4) If two cubic feet of a substance weigh 100 lbs., what is 
its specific gravity ? 

(5) Find the weight of 36 cubic inches of cork, whose 
specific gravity is 0'24. 

(6) A cubic foot of water weighs 1000 oz., what will bo 
the weight of a cubic inch of a substance whose specific gravity 

183? 

(7) What is the specific gravity of a body of which m 
cubic feet weigh n lbs. ? 

(8) Five cubic inches of iron weigh 22^ oz., what is the 
specific gravity of iron? 

(9) Twelve cubic feet of dried oak weigh 876 lbs., what is 
the specific gravity of the wood ? 

(10) Twenty-six cubic feet of ash weigh 1371^ lbs., what is 
its specific gravity ? 

: (11) A metal, whose specific gravity is 15, is mixed with 
half the volume of an alloy whose specific gravity is 12, find the 
specific gravity of the compound. 

(12) Two metals are combined into a lump the volume 
of which is 2 cubic inches ; \\ cubic inches of one metal weigh 
as much as the lump, and 1\ cubic inches of the other metal 
weigh the same. What volume of each of the two metals is 
there in the lump ? 

(13) Two substances whose specific gravities are 1*5 and 
3*0 are mixed together, and form a compound whose specific 
gravity is 2*5 ; compare the volumes and also the weights oi 
the two substances. 

(14) The specific gravity of sea-water being 1027, what 
proportion of fresh water must be added to a quantity of 
sea-water that the specific gravity of the compound maybe 
1*0091 
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(15) Equal weights of two substanoes idiose densitieB are 
3'25 and 2*75 are mixed together ; find the density of the 
oomponnd. 

(16) Bqnal Yolmnes of two snbstanoes whose spedfic 
grayities are 2*5 and 1*5 are mixed together; what is the 
qiecific grantj of the compoond ? 

(17) Five cubic inches of lead, specific gravity ll'SS, are 
mixed with the same Tolnme of tin, specific gravity 7*3; what is 
the specific gravity of the compound ? 

(18) A mixture is formed of equal vohmies of three 
fluids; the draisities of two are giv^ and also the density 
of the mixture. What is the density of the third fluid? 

(19) Ten cubic indies of coi^>er, specific gravity 8^, are 
mixed with seven cubic inches of tin, specific gravity 7*3 ; find 
the specific gravity of the compound. 

(20) Three fluids, whose specific gravities are '7, "8 and 9 
respectivdy, are mixed in (he proportion of 5 lb&, 6 lbs., and 
7 lbs. What is the specific gravity of the mixture I 

(21) The spedfic gravity of pure gdd is 19*3 and of copper 
8*62 ; required the specific gravity of standard gold, which is a 
mixture of eleven parts of gold and one of copper. 

(22) When 63 i«its of sulphuric add, specific gravity 1*82, 
are mixed with 24 i«its of water, the mixture contains (miy 
86 pints. What is its mi&ss^ gravity \ 

(23) If three fluids the volumes of which are 4, 5, 6 and 
the qiedfic gravities 2, 3, 4 are mixed together, determine 
the qtedfic gravity of the compound. 

(24) The specific gravity of quartz is 2^ and that of gdd 
19*35 ; a nugget of quartz and gold wdghs 11*5 oz., and its 
qtedfic gravity is 7*43 ; find the weight of gold in it^ 

(25) An ircm^KKm is gilded, and the mean qiedfic gravity 
of tiie gilded spoon is 8; those of iron and gold are 7*8 and 
19*4 : find the ratio of the vdumes and weights of the metals 
em^ojed. 
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On the Conditions of Equilibrium of Bodies under the 
Action of Fluids, 

56. When a body is wholly or partially immersed in a fluid, 
it is a general principle of Hydrostatics that the restdtant 
pressure qf the fluid m the surface of tJie body is equal to the 
weight of the fluid displaced. This principle we shall prove 
for two cases in Articles 57 and 61. 

(1) When the body is wlioUy immersed in the fluid ; 

(2) When the body is partially immersed in the fluid. 

67. To find the resultant Pressure of a Fluid on a body 
wholly immersed and floating in a fluid. 



Lot ^ be a body floating in a fluid and wholly immersed 
in it 
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Imagine the body removed and the vacant space filled with 
fluid of the same kind as that in which the body floated. 

Then suppose this substituted fluid to become solid. 

The pressure at each point of its sur&ce will still be the 
same as it was at the same point of the surface of A 

The solidified fluid is kept at rest by 

(1) The attractions exercised by the earth on every par- 
ticle of its mass : 

(2) The pressures exercised by the fluid at the diflerent 
points of its surface. 

Hence the resultants of these two sets of forces must be 
equal in magnitude and opposite in their lines of action. 

Now the resaltant of set (1) is called the weight of the 
solidified fluid and acts vertically downwards through its centre 
of gravity. 

Hence the resultant of set (2) is dqual in magnitude to the 
weight of the solidified fluid and acts vertically upwards 
through its centre of gravity. 

Now since the pressures on the solidified fluid are the same 
as on the body Ay we see that the resultant pressure of the 
fluid on ^ is equal to the weight of the fluid displaced by A 
and acts vertically upwards through the c^tre of gravity of 
this disjdaced fluid. 

This principle we shall now apply to the following Ex- 
amples in Statics. 

58. Ex. (1) Find the conditions of equilibrium qf a body 
JloaUng in a fluid and wholly immersed in it. 

The body A (see diagram in Art 57) is kept at rest by 

(1) Its weighty acting vertically downwards throu^ its 
centre of gravity : 

(2) The pressures of the fluid on its sur&ce, the resultant 
of which is equal to the wei^t of the fluid displaced by A and 
acts vertically upwards through the centre of gravity of the 
fluid diq^bced. 
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Hence 

(1) Weight of -4 = weight of fluid displaced by A : 

(2) The centres of gravity of A and of the fluid displaced 
are in the same vertical line. 

These are the conditions of equilibrium. 

Note, A difficulty often occurs with beginners in conceiving 
how a solid body can be in equilibrium in the midst of a 
fluid, neither rising to the surface nor sinking to the bottom. 
It may however be proved by experiment that a hollow ball 
ef copper, such as is used for a ball-tap, may be constructed 
of such a weight relatively to its size that when placed in water 
it will remain where it is placed, just as the body ^ is re- 
presented in the diagram. 

69. Ex. (2) Find the conditions qf equilibrium for a 
body of uniform density wholly immersed in a fluid and in 
part supported by a string. 



Let a body the measure of whose volume is Fbe suspended 
by a string from the fixed point ^ so as to float below tiie sur- 
face of a fluid. 

The body is kept at rest by 

(1) its weight, 

(2) the pressures of the fluid on its surfsu^e, 

(3) the tension of the string. 
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Now (1) is equivalent to a single resultant acting vertically 
downwards through the centre of gravity of the 
bodyi 

(2) is equivalent (by Art. 57) to a single resultant, 
equal to the weight of fluid displaced and acting 
vertically upwards through the centre of gravity 
of the fluid displaced : 
(and these two centres of gravity coinciding) 
therefore (3) must act (see Statics, Art. 44) upwards in the ver- 
tical line through this common centre of gravity, 
and (1) must be equal to the sum of (2) and (3). 
Hence, if 

8 be the measure of the specific gravity of the body, 

aS" of the fluid, 

T of the tension of the string, 

there is equilibrium when 



or r= V{S-JSr). 

Ex. A piece of metal, whose specific gravity is 7*3 and 
volume 24 cubic inches, is suspended by a string so as to be 
wholly immersed in water. Find the tension of the string. 

Taking 1 cubic inch as the unit of volume^and consequeutly 

1000 r . 

— OZ. as the unit of weight, 

tension of string = 24 (7*3 - 1) x ^^^^ oz. 



24 X 6-3x1 000^ 
1728 



-oz. 



=875 oz. 



s.a. 



3 
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60. Ex. (3) If a body of uniform density be immersed 
in a fluid and be presented from rising by a string attached 
to the bottom of the vessel containing tfie fiuid^ find the 
tension of the string. 



Let a body, the measure of whose volume is Vy be kept 
under the surface of a fluid by a string fastened to a point 
in the base of the vessel. 

The body is kept at rest by 

(1) its weight, acting vertically downwards, 

(2) the tension of the stnng, acting vertically down- 
wards, 

(3) the resultant of fluid pressures on the body, acting 
vertically upwards. 

Hence, if 

Tbe the measure of the tension of the string, 

8 specific gravity of the body, 

S specific gravity of the fluid, 

since there is equilibrium, 




A. 



FS+ T= VS'] 



... T= VS'- V8 
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61. To find the resultant pressure of a fluid on a body 
partoally immersed and floating in the fluid. 




Let ABCD be a body partially immersed and floating in 
a fluid, the part BCD being below the surface of the fluid. 

'Imagine the body removed and the vacant space BCD 
filled with fluid of the same kind as that iu which the body 
floated. 

Then suppose this substituted fluid to become solid. 

The pressure at each point of its surface will still be the 
same as it was at the same point of BCD, 

The solidified fluid is kept at rest by 

(1) the attractions exercised by the Earth on every 
particle of its mass, 

(2) the pressures exercised by the fluid at the diflTerent 
points of its surface. 

Hence the resultants of these two sets of forces must be 
equal in magnittide and opposite in tJieir lines of action. 
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Now the resultant of set (1) is called the weight of the 
solidified fluid, and acts vertically downwards through its 
centre of gravity. 

Hence the resultant of set (2) is equal in magnitude to the 
weight of the solidified fluid, and acts vertically upwards 
through its centre of gravity. 

Now since the pressures on the solidified fluid are the same 
as on the surface BGD^ we see that the resultant pressure of 
the fluid on the floating body is equal to the weight of the fluid 
displaced, and acts vertically upwards through the centre of 
gravity of the displaced fluid. 

This principle we shall now apply to the following examples 
in Statics. 

62. Ex. I. Find the conditions ofequilibHum of a body 
floating and partially immersed in a fluid of uniform 
demity. 

The body ABCD (see diagram in Art. 63) is kept at rest by 

(1) its weight acting vertically downwards through its 
centre of gravity, 

(2) the pressures of the fluid on the surface BCD, the 
resultant of which is equal to the weight of fluid displaced by 
the body, and acts vertically upwards through the centre of 
gravity of the fluid displaced. 

Hence 

(1) weight of the body = weight of fluid displaced ; 

(2) the centres of gravity of the body and of the fluid 
displaced are in the same vertical line. 

These are the conditions of equilibrium. 
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63. Ex. II. When a body of uniform density floats in 
a fluid, the volume of the part immersed is to the volume of the 
whole body as the specify gravity of the body is to the specific 
gravity qf the fluid. 



Let rbe the measure of the volume of the whole body ABGD, 



Then since, Art 62, 

weight of floating body = weight of displaced fluid, 



Ex. A solid, whose specific gravity is -4, floats in a fluid 
whose specific gravity is 1-2. What part of the solid is below 
the surface? 




S 

sr 



part immersed BCD, 

specific gravity of the body, 
specific gravity of the fluid. 



Let a be the measure of the part immersed, 
w the measure of the whole body. 
Then w : m=A : 1*2; 
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64. The Hydrostatic Balance. 

The Hydrostatic Balance is a common balance with a 
hook attached to the bottom of one of the scales from which 
a solid may be suspended and weighed successively (1) in air 
and (2) when immersed in a fluid. 




Call the scale to which the hook is attached A and the 
other scale B. Then by the weight of the solid in air we mean 
the weight which when placed in B balances the solid suspend- 
ed in air from A, 

And by the weight of the solid in the fluid we mean the 
weight which when placed in B balances the solid suspended 
from ^ so as to be immersed in the fluid. 

The difference between these weights is caused by the 
pressures of the fliud on the surface of the solid, the resultant 
of these pressures being a force acting vertically upwards and 
equivalent to the weight of the fluid displaced by the solid. 
Now if Fbe the measure of the volume of the solid, 

. S' specific gravity of the fluid, 

measure of weight of fluid displaced by the solid = FS', 

65. To compare the speciflc gravities of a solid and a 
fluid by means of the Hydrostatic Balance, 

Let V be the measure of the volume of the solid, . 

S specific gravity of the solid, 

tS" specific gravity of the fluid, 

W weight of the solid in air. 
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Case I. When the solid is of greater specific gravity than 
th^ fluid. 

Let W be the measure of the weight of the solid in the fluid, 
then W— W'=\hQ measure of the weight of fluid displaced 
by the solid, 

Also W=VS\ 



and thus 8 and may be compared. 

Cask IL When the solid is of less specific gravity than 
the fluid. 

Attach to the solid some heavy substance, called the sinker, 
which will make the solid sink with it in the fluid. 

Let w be the measure of the weight of the two bodies in air. 



X in the fluid, 

y sinker in air, 

z in the fluid. 

Then 

«7—a?= measure of weight of fluid displaced by the two bodies, 
y—z= * the sinker. 

Subtracting, 

fo^x~y-^z= measure of weight of fluid displaced by the solid 

also W^ VS; 

W 



and thus ^and may be compared. 
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66. The common Hydrometer, 

The common Hydrometer consists of a straight stem AB 
terminating in two hollow spheres C and D, D \a usually 
loaded with mercury, so that the instrument may float in a 
fluid with the stem vertical 



A 




The instrument is used in comparing the specific grairities 
of two fluids. The stem is marked with graduations by means 
of which it can be seen what part of the instrument is below 
the surface of the fluid in which it floats. 

When the instrument is placed in a fluid the measure of 
whose specific gravity is S, suppose that the measure of the 
bulk of the part immersed is V, 

When the instrument is placed in a fluid the measure of 
whose specific gravity is S\ suppose that the measure of the 
bulk of the part immersed is V\ 

Then weight of hydrometer = weight of first fluid displaced 
= V,S times the unit of weight ; 
and weight of hydrometer = weight of second fluid displaced 
= V\ S' times the unit of weight : 
.-. V, S= r.JST; 
.-. S : S' :: r : F; 
and thus S and ^S^ may be compared, since F and F' are 
known from the graduations. 
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67. Nicholson's Hydrometer, 



This instrument consists of a hollow cylinder of copper A, 
from which a slender steel wire rises, supporting a dish C. 
An iron stirrup fixed to the lower end of A supports a heavy 
dish D, A fine well-defined mark is placed at some point B 
on the steel wire. 

This instrument is used for two purposes : — 

(1) To compare the specific gravities of a solid and a 
fluid. 

Let W be the measure of the weight which placed in C 
causes the hydrometer to sink in the fluid till the surface of 
the fluid meets the steel wire in B. 

Place the solid in C and let X be the measure of the weight 
added to make the instrument sink to B, 

Place the solid in D and let Fbe the measure of the weight 
placed in (7 to make the instrument sink to B, 

Then measure of weight of solid in air = W-X, 




in the fluid = FT- F, 



.*. measure of weight of fluid displaced by solid 

= F-X; 

. S. G. of solid ^ W-X 
S. G. of fluid Y-X' 



42 ON THE CONDITIONS OF EQUILIBRIUM OF 



(2) To compare the specific gravities of two fluids. 

Let W be the measure of the weight of the hydrometer, 
X and y the measures of weight to be placed in (7 to make the 
instrument sink to B in each fluid. 

The measure of weight of first fluid displaced = W+w, 

second = W+y, 

and, since the volume is the same in both cases, 

S. G. of first fluid JV+o! 
S. G. of second fluid " W+y' 

68. To compa/re the specific gravities of two fluids by 
weighing the same solid in each. 

Let S and S' be the measures of specific gravities of the 
fluids, 

w and t(/ the measures of weights of the solid when 
immersed in the respective fluids, 

W the measure of weight of the solid in air. 

Then FF'-'M?= measure of weight of fluid displaced by 
solid in one case, 

^-«/= measure of weight of fluid displaced by solid 
in the other case ; 

and thus S and S' may be compared. 

Examples.— IV. 

(1) A piece of glass when weighed in water loses ^ths 
of its weight; what is its specific gravity? 

(2) Find the pressure on 28 miles of a submarine tele- 
graphic cable whose circumference is 3 inches, the depth of the 
cable below the surface of the sea being 480 feet, and the 
specific gravity of sea water 1*026. 

(3) A body whose specific gravity is 3*3 floats on a fluid 
whose specific gravity is 4*4 ; what portion of the body will be 
immersed 1 

(4) If the specific gravity of standard gold be 19*4, and the 
weight of a sovereign in air be 5 dwts. 2} grs., find its weight 
in water. 
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(5) If a substance weigh 8 lbs. in air and 6 lbs. in water, 
what is its specific gravity ? 

(6) A cylindrical tub of given weight floats with one-fourth 
of its axis below the surface of a fluid : find the least weight 
which will totally immerse the tub. 

(7) A body whose specific gravity is 1*4 floats in a fluid 
whose specific gravity is 2*1; what portion of the body is im- 
mersed ? 

(8) A leaden bullet, weighing 1 oz., is placed in a glass 
of water standing on a table ; find the pressure of the bullet 
on the bottom of the glass, the specific gravity of lead being 
11-4. 

(9) A cubic inch of cork floats in water ; find the weight 
which must be placed upon it to cause the half of it to be im- 
mersed, the specific gravity of cork being *24, and the weight 
of a cubic foot of water 1000 oz. 

(10) A cork, whose weight is 1 oz. and specific gravity '25, 
is attached by a string to the bottom of a vessel containing 
water so that the cork is wholly immersed. What is the ten- 
sion of the string ? 

(11) A person supports a ball of lead, weighing 46 oz. and 
of specific gravity 11 '5, wholly immersed in water, by holding 
the end of a string attached to the ball. What is the tension 
of the string ? 

(12) A vessel containing water is placed in one scale of a 
balance and weighs 1 lb. A piece of wood of specific gravity 
•24 and volume 1 inch is attached to the bottom so as to bo 
immersed. What weight will now balance the vessel ? 

(13) A cube hanging by a string is half immersed in water. 
If the weight of the cube be a pound, and its specific gravity 
three times that of water, what will be the tension of the string ? 

(14) A certain substance weighs 30 oz. in water, and 42 oz. 
out of water. What is its specific gravity ? 

(15) A substance weighs 14 lbs. in water and 2560 oz. out 
of water. What is its specific gravity ? 
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(16) A substance weighs 12 oz. in air : a substance weigh- 
ing 20 oz. in water is attached to it, and the two together weigh 
18 oz. in water. What is the specific gravity of the former 
substance ] 

(17) A piece of mahogany weighs in air 375 grains, a 
piece of brass weighing 380 grains in water is attached to it, 
and the two together weigh in water 300 grains. What is the 
specific gravity of the mahogany 1 

(18) A piece of metal weighs 113 grains in water and 120 
grains in air. What is its specific gravity ? 

(19) A piece of calcareous spar weighs in air 190 grains 
and in water 120 grains. Find its specific gravity. 

(20) A body weighs 4 oz. in vacuo, and if another body 
which weighs 3 oz. in water be attached to it the two together 
weigh in water 2J oz. Find the specific gravity of the former 
body. 

(21) A piece of wood weighs 12 lbs., and when attached to 
22 lbs. of lead and immersed in water the two together weigh 
8 lbs. If the specific gravity of lead be 11*35 find the specific 
gravity of the wood. 

(22) If the sinker be equal in magnitude to the substance 
whose specific gravity is required, but double its weight in 
vacuo, and if the two together weighed in water would balance 
the sinker in vacuo, what is the specific gravity of the sub- 
stance ? 

(23) The specific gravity of cork is '24, and the weight of 

a cubic foot of water is 1000 oz.; find the pressure necessary to . 
hold down under water a cubic foot of cork. 

(24) A cylinder floats vertically in a fluid with 8 feet of 
its length above the fluid ; find the whole length of the cylinder, 
the specific gravity of the fluid being three times that of the 
cylinder. 

(25) A cylinder floats with Jth of its bulk above the surface 
of a fluid whose specific gravity is '825, find the specific gravity 
of the cylinder. 



(26) Why is it easier to swim in salt water than in fresh ? 
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(27) Water is poured into a vessel containing mercury, 
and aa iron cylinder allowed to sink through the water floats 
with its axis vertical in the mercury. If the cylinder be 1 inch 
in length, find the length of the portion immersed in the mer- 
cury. The specific gravity of iron is 7'8, and that of mercury 
13-6. 

(28) A body, whose specific gravity is '5, floats on water; 
if the weight of the body be 1000 oz., find the number of cubic 
inches of it above the surface of the fluid. 

(29) A body containing 12 cubic inches weighs in air 8 lbs.; 
determine its weight in water. 

(30) * If a cube float on water with one face horizontal, and 
a body weighing oz., when placed upon it, make it sink 

o 

through an inch, find the size of the cube : a cubic foot of water 
weighing 1000 oz, 

(31) What is the specific gravity of a substance, if a hollow 
rectangular box, ten inches long, eight inches wide, six inches 
deep, and a quarter of an inch thick, if made of this substance, 
will just fioat in water ? 

(32) A lamina in the form of an equilateral triangle floats 
on a fluid with one of its sides horizontal and its vertex down- 
wards. If the density of the triangle be one-third that of the 
fluid, find the depth of its vertex below the surface. 

(33) A triangular lamina of uniform thickness floats in a 
vertical position with its base horizontal and its sides half im- 
mersed in a fluid : compare the specific gravity of the lamina 
with that of the fluid. 

(34) A symmetrical body, weighing 8 lbs., with a weight 
on the top floats just immersed in a fluid: how heavy must the 
weight be, in order that, when it is removed, the box may float 
with only one-third of it immersed ? 

(35) Find the specific gravity of a material such that a 
cylinder formed of it four inches long floats in water with three 
inches immersed. 

(36) If a cubic foot of water weigh 1000 oz., and a cube 
whose edge is 18 inches weigh 2250 oz., how far will a cylinder 
whose length is 3 inches, formed of the same material as the 
cube, sink in water ? 
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(37) A body, whose specific gravity is 27 and weight in 
vacuo 3 lbs., when immersed in a fluid weighs 2 lbs.; find the 
specific gravity of the fluid. 

(38) The specific gravity of mercury is 13*6 and that of 
aluminium is 2'6 ; how deep will a cubic inch of aluminium sink 
in a vessel of mercury ? 

(39) If a body floats on a fluid two-thirds immersed, and 
it requires a pressure equivalent to 2 lbs. just to immerse it 
totally, what is the weight of the body ? 

(40) If a body weighing 3 lbs. floats on a fluid- one-half 
immersed, what pressure will siuk it completely ? 

(41) A piece of cork (s. g. = -24) containing 2 cubic feet is 
kept below water by means of a string fastened to the bottom 
of a vessel ; find the tension of the string. 

(42) Two bodies whose weights are v\ and in nir, weigh 
each Hjo in water ; compare their specific gravities. 

(43) The cavity in a conical rifle bullet is usually filled 
with a plug of some light wood. If the bullet be held in the 
hand beneath the surface of the water, and the plug be then 
removed, will the apparent weight of the bullet be increased 
or diminished ? 

(44) A body, whose weight in air is 6 lbs., weighs 3 lbs. and 
4 lbs. respectively in two difterent fluids ; compare the specific 
gravities of the fluids. 

(46) A body whose specific gravity is 7*7 and weight in 
vacuo 7 lbs., when immersed in a fluid weighs 6 lbs. \ find the 
specific gravity of the fluid. 

(46) A solid sphere floats in a fluid with three-fourths of 
its bulk above the surface : when another sphere half as large 
again is attached to the first by a string, the two spheres float 
at rest below the surface of the fluid ; shew that the specific 
gravity of one sphere is 6 times greater than that of the 
other. 
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(47) A piece of copper (s. g.=8'85) weighs 887 grains in 
water, and 910 grains in alcohol ; find the specific gravity of 
the alcohol. 

(48) A uniform cylinder, when floating vertically in water, 
sinks a depth of 4 inches ; to what depth will it sink in alcohol 
of specific gravity 79 ? 

(49) A compound of silver (s.G.=10'4) and aluminium 
(s. G.=2*6) floats half immersed in a vessel of mercury (s. a.= 
13*5). What weight of silver is there in 10 lbs. of the com- 
pound? 

(50) An iron rod weighing 10 lbs. is supported by means of 
a string, one-half of the rod being immersed in water. What 
force is exerted by the string, the specific gravity of iron being 
7-8? 

(51) A piece of silver weighing 1 oz. in air weighs '905 oz. 
in water, what is its specific gravity 1 

(52) Two bodies weighing in air 1 and 2 lbs. respectively 
are attached to a string passing over a smooth pulley ; the 
bodies rest in equilibrium when they are completely immersed 
in water. If the specific gravity of the first body be twice that 
of water, find the specific gravity of the second. 

(63) A cylinder 9 inches in height, specific gravity J, fioats 
in water with its axis vertical ; find the height of the surface of 
the cylinder above the surface of the water. 

(54) Shew that if each division of the stem of the common 

hydrometer contains ~th part of the bulk of the hydrometer, 

the ratio of the specific gravities of two fluids, in which the 
hydrometer floats with x and y divisions of the stem out of the 
fluid respectively, is equal to m - y : m - ar. 

(56) To a body which weighs 3 lbs. in air a piece of lead 
which weighs 5^ lbs. in air is attached, and the two together 
weigh l^lbs. in a fluid whose specific gravity is 4. Find the 
specific gravity of^the body, that of lead being 11. 

(56) A substance weighs 10 oz. in water and 15 oz. in alco- 
hol, the specific gravity of which is '7947 times that of water : 
find the number of cubic inches in the substance, taking the 
weight of a cubic foot of water as 1000 oz. 
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(57) A block of ice, th€ volume of which is a cubic yard, 
is observed to float with ^^ths of its volume above the surface, 
and a small piece of granite is seen embedded in the ice ; find 
the size of the stone, the specific gravities of ice and granite 
being respectively '918 and 2*65. 

(58) A cubical block of wood weighs 12 lbs. ; the same 
bulk of water weighs 320 oz. ; what part of the wood will be 
below the surface when it floats in water ] 

(59) A board 3 inches thick sinks 2^ inches in water : what 
will a cubic foot of the same wood weigh, if a cubic foot of 
water weigh 1000 oz. ? 

(60) The specific gravity of beech-wood is '85. What por- 
tion of a cubic foot of that wood will be immersed in sea water 
whose specific gravity is 1*03 ? 

(61) A cubical iceberg is 100 feet above the level of the 
sea, its sides being vertical. Given the specific gravity of sea 
water =1*0263 and of ice ='9214, find the dimensions of the 
iceberg. 

(62) If a body of weight W float with three-quarters of 
its volume immersed in fluid, what will be the pressure on a 
hand which just keeps it totally immersed ? 

(63) Two hydrometers of the same size and shape float in 
two different fluids with equal portions above the surfaces ; and 
the weight of one hydrometer : that of the other \\m\n\ com- 
pare the specific gravities of the fluids. 

(64) A hydrometer, loaded with 40 grains, sinks 4 inches 
lower when floating in a fluid whose specific gravity is '3 than 
in water ; without the weight it rises in the water one-twelfth 
of an inch higher : find the weight of the hydrometer. 

(65) If the volume between two successive graduations on 
the stem of a hydrometer be ^(JtnT*'^ whole bulk, and 
it floats in distilled water with 20 divisions, and in sea water 
with 46 divisions, above the surface ; find the specific gravity 
of sea water. 

(66) A piece of lead is found to weigh 13 lbs. in water, and 
when a block of wood weighing 6lbs. is attached to it the two 
together weigh 8 lbs. in water. Find the specific gravity of 
the wood. 
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(67) What is the weight of a hydrometer which sinks as 
deep in rectified spirits, specific gravity "SSS, as it sinks in water 
when loaded with 67 grains ? 

(68) The weight of a body A in water of specific gravity 
= 1 is 10 oz., of another body ^ in air whose specific gravity 
=*0013 is 15 OK.; while A and B connected together weigh 
11 grains in water : shew that the specific gravity of ^ is '0713. 

(69) A substance weighs 20 oz. in water and 25 oz. in alco- 
hol, the specific gravity of which is '7947 times that of water ; 
find the nnmber of cubic inches in the substance, taking the 
weight of a cubic foot of water as 1000 oz. 
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CHAPTER V. 



On the Properties of Air. 

69. The thin and transparent fluid which surrounds us on 
all sides, and which we call the Air or the Atmosphere, is. a 
material body which possesses weight and resists compression. 
We can prove by experiment that even a small mass of air 
has an appreciable weight, by exhausting the air from a glass 
vessel (by a process which we shall describe in the next 
article). We then find that the vessel weighs less than it 
weighed before the air was taken out of it 

That the air resists compression is evident from the force 
required to drive down the piston of a syringe when the open 
end is closed. 

Every body exposed to the atmosphere is subject to a 
pressure of nearly 16 pounds on each square inch of its 
surface. We feel no inconvenience from this great pressure, 
because the solid parts of our bodies are furnished with incom- 
pressible fluids, capable of supporting great pressures, while 
the hollow parts are filled with air like that which surrounds 
us. Also, since the atmosphere acts equally on all parts of our 
bodies, we have no difficulty in moving. 
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70. HawhMs or ths common Air Pump. 




AB and DE are two pistons with valves opening upwards, 
which are worked up and down two cylindrical barrels by 
means of the toothed wheel W in such a way that one 
piston descends as the other ascends. The barrels com- 
municate, by means of valves at G and F opening upwards, 
with a pipe leading into a strong glass vessel V called th^ 
receiver. 

Suppose ^ to be at its lowest position and therefore E at 
its highest position. Then as B ascends the valve at B closes, 
and the air in the receiver and pipe opens C and expands 
itself in the barrel. As soon as B begins to ascend E begins 
to descend, the valve at E opens, the valve at F remains 
closed. 

The air which before occupied the receiver and pipe, now 
occupies the receiver, the pipe, and one qf the barrelfy and is 
therefore rarefied. 

Now let the wheel be turned back : then as E ascends the 
valve at E closes and F is opened, and meanwhile B is opened 
as it descends, and (/being closed, a quantity of the rarefied 
air is taken from the receiver and pipe. 

This procesB may be continued till the air in the receiver 
it so rarefied that it cannot lift the valves at C and F, and 
then the action of the instrument most cease. 
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71. Smeaton^s^Air Pump. 



AC 2k cylindrical barrel communicating with a strong 
vessel D called the receiver. At A and C, the ends of the 
barrel, are valves opening upwards. 

A piston with a valve B opening upwards works up and 
down the barrel Suppose the piston to be in its lowest 
position. Then as the piston ascends, the pressure of the air 
being removed from the upper surface of the valve at C, the 
air in DC opens C and expands into the barrel, while the 
valve at B is closed by the pressure of the atmosphere. 

Thus a quantity of air is drawn away from the receiver. 
As soon as the piston begins to descend, the valve at ^ is 
closed, B opens and C is closed, and no external air comes 
into the barrel or receiver. 



When the piston again ascends the air in the barrel is 
again drawn out. ... 
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The only limit to the exhaustion of the air by this pump 
arises from the di£5culty in making the piston come into close 
contact with the valves at A and (7. 

Note. The advantage of Smeaton's Air Pump is that since 
the valve at A closes as soon as the piston begins to descend 
it relieves B from the pressure of the atmosphere, and the 
valve at J9 is opened by a very slight pressure from the air 
beneath. Hence this pump is capable of producing a greater 
degree of exhaustion than Hawksbee's. 

72. To find the density of the air in the receiver of 
Smeaton's Air Pump after n ascents of the piston. 

Let the measures of the capacities of the receiver and the 
barrel be respectively x and y. 

Then the air which occupied the space whose measive is x 
when the piston was at (7, will occupy the space whose measure 
v&x-\'y when the piston comes to A^ 



, density after one ascent _ x 
density at first ~ x-^y^ 



.'. density after one ascent = — . (density at first). 



Similarly, 



density after second ascent =—^. (density after one ascent) 




and so on ; 



density after nth ascent = 




The same formula is applicable to Hawksbee's Air Pump, 
If 07 represent the measure of the capacity of the receiver and 
pipe^ and y the measui*e of the capacity of each of the barrels. 
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73. The Baronuter, 




The Barometer is an instrument for measuring the pressure 
of the atmosphere. 

If we take a glass tube about 32 inches long, open at A 
and closed at and fill it with mercury : if we then close the 
end A, invert the tube, place it in a vessel full of mercury, 
called the basin, and then remove the stoppage from A^ the 
mercury in the tube will sink a little, leaving a vacuum in BC, 
and resting when the height of the column CD, that is, the 
distance of the surface of the mercury in the tube from the 
surface of the mercury in the basin, is from 28 to 31 inches. 

That the column CD is supported by the pressure of the 
atmosphere may be shewn by placing the instrument under 
the receiver of an air piunp. Then as the air is exhausted^ 
the mercury will sink in the tube, and if all the air could be 
pumped out the mercury would sink entirely into the vessel. 
This experiment proves that the pressure of the air on the 
exposed surface of the mercury in the basin sustains the column 
of mercury in the tube. 
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74 To shew that the pressure qf the atmosphere is ac- 
curately measured by the weight of the column of mercury 
in the Barometer. 




Take in the surface of the mercury in the basin an area M 
equal to the area of the horizontal section of the tube at D. 

Then area j3f =area of the base of the column of mercury 
in the tube, and since these areas are equal and in the same 
horizontal plane, the pressures on them are equal. 

Now pressure downwards on Jf= atmospheric pressure on 
area M, and pressure downwards at 2> = weight of column of 
mercury CD, 

Therefore the atmospheric pressure on area M is equal to 
the weight of the column of mercury CD, 

It follows then that the atmospheric pressure on any area 
is equal to the weight of the column of mercury in the 
barometer, having the same area for its base. 

Consequently the weight of the column of mercury in the 
barometer is the proper measure of the pressure of the 
atmosphere on a given surface/ 
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75. Hence it follows that the heighi of the colamn 
of mercury in the barometer is pro- 
portional to the pressure of the atmo- 
sphere. 



If then we have a vertical tube of uni- 
form bore filled up to the leyel D with 
mercury, if /> be exposed to the atmo- 
spheric pressure and iif j3f be some other 
level in the tube, and if h be the height of 
the barometric column, 

pressure at 7> _ weight of a column of mercury of height h 
pressure at J/" weight of a col. of mercury of height (A + DM) * 

h 

"h + DM' 





76. To find the Atmospheric Pressure on a Square Inch, 

The pressure of the atmosphere on a square inch is deter- 
mined by finding the weight of a column of mercury whose 
base is a square inch and whose height is the same as the 
height of the column of mercury in the barometer. 

Taking the specific gravity of mercury as 13*6, the weight 
of a cubic foot of distilled wat^r as 1000 oz., and the height of 
the barometric column at the level of the sea as 30 inches, we 
have pressure of atmosphere on a square inch 

(xooo \ 
30 X 1 X 1 X X 13-6J ounces, 

30 X 1000 X 136 
= 1728x10 

=236 J ounces, 



:sl4jfjlbs. 
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77. In estimating the pressnre at a point in the interior 
of flnid exposed to the atmospheric pressure, we mnst add 
to^the pressure on a unit of area containing the point the 
atinospheric pressure on a unit of area. 

Suppose for instance we have to find the pressure at a 
depth of 100 feet in a lake, (1) neglecting atmospheric pressure, 
(2) taking the atmospheric pressure into account* 

Take a square inch as the unit of area : then 

(1) Pressure at depth of 100 feet on a square inch 

= weight of a column of water 100 feet in 
height, resting on a base of a square inch 

= weight of a column of water whose cubic 
content is (100 x 12 x 1 x 1) cubic inches 

^1200 x1000 „ 
" 1728x16 
2Q 

=43f|lb8. 

(2) Pressure at depth of 100 feet on a square inch 

= ^43?| + 16^ lbs. nearly, 
29 

=68 — lbs. nearly. 

78. The Atmosphere is most dense at the surface of the 
Garth, and its density diminishes with its height. Hence as 
one ascends a mountain the weight of the incumbent air is 
diminished, and the mercury in the barometer sinks. Thus 
the barometer furnishes a means of ascertaining approximately 
the height of a mountain. 

79. A Barometer might be formed with any fluid, but 
mercury is preferred to other fluids because of its great 
density. A Water-barometer must have a tube of great 
length, since the atmosphere supports a column of water more 
than 13 times as high as the column of mercury supported in 
the mercurial barometer. 
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80. TliB pressure of a given quantity qf air, at a given 
temperature, varies inversely as the space it occupies. 

The following proof by experiment ^tablishes the truth 
this law. 

ABC is a bent tube, cylindrical, uniform and vertical The 
branch AB is much longer than the branch BC. The ends 
are open. 

Mercury is poured drop by drop into the end A till the 
surface of the mercury in the two branches stands at the 
same leyel at P and Q. The end C is then closed. 

Then the pressure of air in CQ=the atmospheric presnue. 



no 




Let mercury be again poured in at A, (the effect of which 
is to compress the air in CQ,) till the surface of the mercury in 
the shorter branch stands at B, halfway between C and Q. 

It is then found that the mercury in the longer branch 
will stand at a point D, such that the length of the column of 
mercury DM {M being level with B) is exactly equal to the 
height of the barometer at the time of making the experiment. 
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Now pressure at if=pre88iupe at 

Bat pressure at if = weight of column of mercury DM 
+ pressure of atmosphere at />, 

= atmospheric pressure + atmospheric 
pressure = twice the atmospheric 
pressure; 

.*. pressure of the air in CR = twice the atmospheric pressure. 

Hence the pressure of the air in CJR is twice as great as 
was the pressure of the air in CQ, 

That is, when the given quantity of air in CQ has been 
compressed into half space, the pressure of the compressed 
air is ttoice as great as it was at first. 

81. The proof given in the preceding Article may be put 
in a more general form, 22 bemg any point between C and Q, 
thus:— 

Let mercury be again poured in at ^ till the surface of 
the mercury stands at /> and B in the branches, and let j3f be 
level with B. 

Then it is found that if the spaces CQ, CB successively 
occupied by the air be measured, and if h be the height of 
the barometer at the time of performing the experiment, 

space J7Q _ h+DM 
space CB h 

Now it is clear by Art. 76, 

pressure supporting air in CQ _ h 
pressure supporting air in CB " h+ DM * 



, pressure of air in C Q 
' pressure of air in CB 



CB 
CQ' 
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Cob. Hence we can shew that the elastic force of air 
Taries as its density. 

For since the same quantity of air is confined in CQ 

density of air in CJR : density of air in 

:: CQ : GB 

:: pressure of air in OR : pressure of air 
inCQ. 

82. The Condenser. 



(f 



is a cylindrical barrel* with a valve at the bottom, 
opening downwards into a vessel J5, called the receiver. A 
piston with a valve opening downwards, works in the 
barrel. 

Suppose the piston to be at the top of the barrel When 
the piston descends, the air in the barrel being condensed 
closes the valve at A, and opens the valve at C. Thus the 
air which was contained in the barrel is forced into the 
receiver. When the piston is raised again, the denser air in 
B keeps the valve at C closed, while the pressure of the 
atmosphere opens A, and the barrel is refilled with at- 
mospheric air, which is forced into the receiver at the next 
descent of the piston. 

The process may be continued till the reqmred quantity 
of air has been forced into B, 
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83. To find the density of the air after n descents of the 
piston. 

Let X and y be the measures of capacities of the receiver 
and barrel respectively: 

Then the air which occupied the space whose measure is 
x-\-yt when the piston was at the top of the barrel, will occupy 
the space whose measure is x when the piston comes to the 
bottom of the barrel ; 

density of air in receiver after one descent _ x+y 
density of air at first ~ x ' 

density of air after one descent = . (density of air at first). 
Similarly, 

density after second descent =^^.(denedtyafterfirst descent) 
and so on; 

/. density after nth descent = /^^ii^ j" (density of air at first). 



EXAMPLIIS.— V. 

(1) If the capacity of the receiver in Smeaton's Air Pump 
be ten times that of the barrel, what will be the exhaustion 
produced by six strokes of the piston ? 

(2) Find the pressure of the air in the receiver of an Air 
Pump after two strokes of the piston, the volume of the 
receiver being eight times that of the barreL 

(3) Find the ratio of the volume of the receiver to that of 
the barrel in the Air Pump, if at the end of the third stroke 
the density of the air in the receiver : the original density 
:: 729 : 1000. 
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(4) Is it necessary that the section of the tube through 
which the mercury rises in the barometer should be the same 
throughout \ 

(5) Assuming that a cubic foot of* water weighs 1000 oz. 
and a cubic inch of mercury weighs 7{ oz.; find the pressure 
on a square inch at a depth of 90 feet below the surface of the 
sea, when the barometer stands at 30 inches. 

(6) If the area of a section of the basin of a barometer be 
10 times that of a section of the tube, and the mercury fall 1} 
inches in the tube, find the true variation in the height of the 
mercury, and draw a figure representing the instrument. 

(7) If a hole were made in the tube of a barometer, what 
woidd be the effect? 

(8) If the weight of the column of mercury which is above 
the expose^ surfisu^e in a barometer be' an ounce, and the area 

of the transverse section of the tube 5^ of a square inch, what 

is the pressure of the atmosphere on a square inch? 

(9) When the mercurial barometer stands at 30 inches, 
what will be the height of the column in a baromyeter filled 
with a fluid of specific gravity 3'4, the specific gravity of mer- 
cury being 13*6 ? 

(10) If a piece of iron float in the mercury contained in 
the tube of a barometer, will it have any effect on the indica- 
tion of the instrument? 

(11) If a body were floating on a fluid, with which the air 
was in contact, and the air were suddenly removed, would the 
body rise or sink in the fluid ? 

(12) What would be the effect of admitting a little air 
into the upper part of the tube of the Barometer ? 

(13) A pipe carries rain water from the top of a house to 
a large tank, the surplus water in which escapes through a 
valve in the top which rises freely. A weight of 21 lbs is 
placed on it, and it is found that the water rises in the pipe 
to the height of 20 feet before the valve opens. Find its area, 
assuming that the height of the Water-Barometer is 34 feet 
and the atmospheric pressure 15 lbs. on the square inch. 
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(14) A cylinder filled with atmospheric air, and closed by 
an air-tight piston, is sunk to the depth of 500 &thoms in the 
sea; required the compression of the air, aasnming the specific 
gravity of sea-water to be 1'027, the specific gravity of mercury 
13'57, and the height of the barometer 30 inches. 

(15) A barometer is sunk to the depth of 20 feet in a 
lake: find the consequent rise in the mercorial column, the 
specific gravity of mercury being 13*57. 

(16) If a body, exposed to the pressure of the air, float in 
water, prove that it will rise very slightly out of the water as 
the barometer rises, and sink a little deeper as the barometer - 
&lls. 

(17) Water floats on mercury to the depth of 17 feet ; 
compare the atmospheric pressure with the pressure at a point 
15 inches below the surface of the mercury, taking into ac- 
count the atmospheric pressure on the surface of the water, 
having given that the heights of the mercurial and water 
barometers are 30 inches and 34 feet respectively. 

(18) Explain clearly why a balloon ascends. 

(19) Explain how it is that a bladder filled with air, will, 
if conveyed deep enough in the sea, sink to the bottom. 

(20) What would be the height of the column of mercury 
(s. 0.= 13*56) corresponding to a pressure of 14 lbs. 2 oz. on 
the square inch '/ 

(21) A cubical vessel full of air, whose edge equals 6 
inches, is closed by a weightless piston. Find the number of 
pounds which must be placed on the piston in order that it 
may rest in equilibrium at a distance of 2 inches from the 
bottom of the vessel : the pressure of the atmosphere being 
15 lbs. on a square inch. 

(22) The lower valve of a pomp is 30 feet 4 indies above 
the sur&ce of the water te be raised : find the height of the 
barometer when the pump ceases to work, the specific gravity 
of mercury bemg 13*6. 
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(23) It is found that the cork of a bottle is just driyen out 
when the pressure of the air within is doublethat without; the 
bottle is then filled with mercury and inverted, and it is again 
found that the cork is just driyen out. Given that the 
barometer was standing at 30 inches at the time, find the 
height of the bottle. 

(24) Find the ratio of the Yolume of the receiyer to that 
of the barrel in a Condenser, if at the end of the third stroke 
the density of the air in the receiyer : its original density 
:: 3 : 2. 

(25) A hollow cylinder closed at the upper end and open 
at the lower is depressed from the atmosphere into water, its 
axis bdng kept yertical, and is found to float with its upper 
end in the -surface of the water. What will be the effect on 
the cylinder of an increase of atmospheric pressure ? 

(2G) If the yolume of the cylinder in a Condenser be one- 
fifth the yolume of the receiyer, find the pressure at any 
point of the latter after 20 strokes. 

(27) The pressure at the bottom of a well is double that 
at the depth of a foot ; what is the depth of the well if the 
pressure of the atmosphere be equiyalent to 30 feet of water \ 

(28) A cubic foot of water weighs 1000 oz. ; what will be 
the pressure on each square inch of the base of a cube whose 
edges are 10 inches, when filled with water % 

(29) A cubic foot of water weighs 1000 ounces, and the 
pressure of the air on a square inch is 236 ounces ; find the 
pressure on 16 square inches at a depth of 9 feet below the 
surface of a pond. 

(30) UAfB, C, be three points in a uniform fluid at rest, 
and the difference of the pressures at A and B : difference of 
the pressures at A and Casp iq, find the ratio of AB to BC. 

(31) Explain the principle of the Air-gun. 
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(32) If the area of the basin of a barometer be 17 times . 
that of a section of the tube, how ought the stem to be gradu- 
ated in order that the reading may give the true height of the 
barometer ? 

(33) If the specific gravity of mercury be 13'67, and the 
weight of a cubic inch of water 262*6 grains, find the pressure 
of the air on a square inch in lbs., when the mercury in the 
barometer stands at 30*5 inches. 

(34) If the tube of a barometer be 36 inches long, and, on 
account of air being in the upper part, the instrument stands 
at 27 inches, when a correct instrument stands at 30 inches, 
what length of tube would the air fill when reduced to atmo- 
spheric density ? 

(35) A pipe 16 feet long, closed at the upper extremity, is 
placed vertically in a tank of the same height : the tank is then 
filled with water : shew that if the height of the water-barome- 
ter be 33 ft. 9 in. the water will rise 3 ft. 9 in. in the pipe. 

(36) A tube closed at both ends and 28 inches long is half 
filled with mercury, the remaining portion being occupied with 
air at atmospheric pressure. If the tube be placed in a verti- 
cal position with the mercury uppermost, and the upper end 
be opened, find how far the mercury will sink, the height of the 
barometer at the time being 28 inches. 



8. H. 
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CHAPTER VI. 
On the Application of Air. 

84. ThA Diving BeU. 




If a glass be inverted, and with its mouth horizontal be 
pressed down into a basin of water, it will be seen that though 
some portion of water ascends into the glass, the greater part 
of the glass is without water. 

This is caused by the compression of the air, which prevents 
the water from rismg in the glass. 

The Diving Bell works on the same principle. A heavy 
iron chest BCED, open at DEy is suspended from a rope 
and lowered into the water, with its open end downwards. 
The water will then rise till the air in the chest is sufficiently 
compressed to prevent the water from rising beyond a certain 
height MN. 

Air is pumped in occasionally through a pipe P, and the 
impure air is allowed to escape through another pipe Q, 
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«5. The Common or Suction Pump, 




A B is Si cylindrical barrel in which a piston P, with a valve 
opening upwards, is worked up and down by the handle B» 
BCis a pipe, communicating with the barrel by a valve, open- 
ing upwards. The end C, which is pierced with a number of 
small holes, is placed under the surface of the water which is 
to be raised. 

Suppose the piston to be at the bottom of the barrel 
Then when the piston is raised the valve P is closed by the 
pressure of the air on its upper surface, and there being 
little or no air in PBy the valve B is opened by the action 
of the air in BC, and as it continues open during the whole as- 
cent of the piston, the air in BH, the part of the suction-pipe 
above the surface of the water, expands into the barrel, and 
becomes less dense than the air which presses on the water 
outside the suction-pipe. The water is consequently forced up 
the pipe by the pressure of the atmosphere, till the pressure 
downwards at ^ is equal to the atmospheric pressure. 

When the piston descends the valve B closes, and the air 
in PB, being condensed, opens the valve P. 

This process being continued, the water will at length rise 
through the valve By and at the next ascent of the piston a 
mass of water will be lifted and discharged through the 
spout 2>. 
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The distance BHxasx&t be less than the height of a column 
of water which the atmospheric pressure can sustain, that is, 
less than 32 feet. 



86. The Forcing Pump, 




AB is a cylindrical barrel in which a solid piston P is 
worked up and down the space AF, 

BC is a suction-pipe of which the end C is placed under 
the surface of the water. 

DE is a pipe communicating with the barrel 

At B and D are valyes opening upwarda 

Suppose the piston to be at the bottom of its range in the 
barrel Then when the piston is raised thevalye at Z>remains 
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closed, the air in DBF expands as the piston rises, and the air 
in BH opens the yalve B and expands into the barrel. The 
water is therefore forced up the suc£ion-pipe by the pressure 
of the atmosphere. 

When the piston descends the air in PFBD is condensed, 
closes the valve B^ opens the yalve D, and escapes through 2). 

When the piston ascends again the water rises higher in 
BCj and this process is continued till the water rises through 
B. Then the piston on its descent forces the water up the 
pipe DE, 



87. In order to produce a continuous stream through the 
pipe at Ey the pipe is introduced into an air-tight vessel DH 
into which the valve D opens. 



When the water has been forced into this vessel till it rises 
above O, the lower end of the pipe, the air which lies between 
the surface of the water in the vessel and the top of the vessel 
is suddenly condensed at each stroke of the piston, and by its 
reaction on the water forces it through the pipe OE in a con- 
tinuous stream. 





This machine consists of a double forcing-pump, both 
pumps communicating with the same air-vessel M, 

The pipe T descends into a reservoir of water. 

The valves opening upwards are at F, F' and 22, B!, 

^is a fixed beam round which the piston-rods work. 

The water is discharged through the pipe H. 
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The Lifting Pump. 

JEI 




AB is a cylindrical barrel in which a piston with a valve M 
opening upwards works, the^ piston rod passing through an air- 
tight collar at A, 

BC is the suction-pipe of which the end (7 is placed under 
the surface of the water. 

DE is a pipe up which the water is to be raised. 

At D and B are valves opening upwards. 

The water will be brought within reach of the piston by a 
process similar to that which has been described in the case of 
the other pumps. 

When the piston ascends lifting water the valve at D opens, 
and the water is discharged into the pipe DE, When the 
piston descends, the valve at D closes, and prevents the return 
of the water in DE into the barrel. 

Each stroke of the piston increases the quantity of water in 
DEy and thus the water may be raised to any height, provided 
that the barrel AB, the pipe ED, and the piston rod be strong 
enough to bear the pressure of the superincumbent column of 
water. 
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90. The Siphon. 

The ^iphon is a bent hollow tube of uniform bore, having 
one branch longer than the other. The tube is filled with fluid, 
the ends are closed, and the shorter branch is placed in a yessel 
containing fluid like that with which the siphon is filled. 

Let the plane of the fluid's surface meet the branches of the 
siphon in K, 

Then if the ends A, C be opened at the same moment, the 




fluid will flow from (7 in a continuous stream till the vessel is 
emptied down to the level of -4, provided that the highest 
point of the siphon, is at a less distance above the surface of 
the fluid than the height of a column of the fluid which the 
pressure of the atmosphere will sustain. 

To explain this, consider the pressure on an area 2), equal 
to the area'of a horizontal section of the siphon, in the surface 
of the fluid : then 

pressure of atmosphere 2X Hm direction ^^9= pressure 
on area D, 

pressure of atmosphere at Cin direction (7^9= pressure ^ 
on area /), 

.;. pressure of atmosphere at H in direction HB — pressure 
of atmosphere at Cin direction CB, 

Now pressure of atmosphere at H is diminished by the 
weight of column of fluid BH, and pressure of atmosphere at 
Cis diminished by the weight of column of fluid BC^ and sinc6 
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the column BG is greater than column BH^ the effective pres- 
sure of atmosphere in direction HB is greater than the effective 
pressure of atmosphere in direction (7^, and therefore the fluid 
will be driven by the effectiye atmospheric pressure in a con< 
tinuous stream in the direction HBG. 

91. On intermitting Springs, 

Intermitting Springs are springs which run for a time, then 
stop for a time, and then begin to run again. 

This phenomenon is explamed by the principle of the 
Siphon. 

Let -4 be a reservoir in a hill in which water is gradually 
collected through fissures, as B^ (7, 2), communicating with the 
external air. 



Now suppose a channel MNR to run from A, first ascend- 
ing to N and then descending to i2, a place lower than the 
reservoir. 

As the water collects in ^ it gradually rises in the channel 
to and then flows along NR^ and by the {principle of the 
Siphon it will continue to flow till A is completely drained. 
Then the flow ceases till the watering has collected sufficient^ 
ly to reach N, 
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92. BramaICi Press. 

The Hydrostatic Press, generally called Bramah's Press, is 
a machine by which an enormous pressure is obtained by means 
of water, the only assignable limits to its power being the 
strength of the materials of which it is formed. 

.^C is a forcing-pump, by the action of which water is forced 
into a tube BDy which has a valve B opening inwards. 

is a strong cylindrical piston, with a base many times 
larger than the base of the piston working in a water-tight 
collar at My N» 




Between the top of the piston E and a fixed beam FG^ a 
bale of goods, such as paper^ cotton or wool, is placed. 

Su{^K>se the area of the base of ^ to be 200 times that of 
the base of A. 

Then if a pressure of 100 lbs. be applied to Ay a pressure of 
(1M)0 X 100) lbs. .or 20,000 lbs. will be conveyed to the base of E. 

Thus any amount of pressure may be applied to either 
by increasing the pressure applied to A, or by making tiie base 
of E larger in comparison with the base of A. 
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Examples.— VI. 

(1) What will be the effect of makiog a small aperture in 
the Wrel of a Forcing Pump ? If the piston work uniformly 
up and down the length of the barrel, and a small aperture be 
made one- third of the way up the barrel, how much more time 
than before will be consumed in filling a tank ? 

(2) If the upward motion of the piston of a Common 
Pump be stopped, when the water has risen to the height of 
IG feet in the supply pipe, but has not yet reached the piston, 
find the tension of the piston-rod, the area of the piston being 
4 square inches, and the atmospheric pressure 15 lbs. on the 
square inch. 

(3) What would be the effect of opening a small hole at 
any point in the Siphon, first above, secondly below the surface 
of the fluid in the vessel 1 

(4) What is the greatest height above the surface of a 
spring over which its water may be carried by means of a 
siphon-tube, when the barometer stands at 29 inches, the 
specific gravity of mercury being 13*67 1 

(5) What would take place in a siphon at work if the 
pressure of the atmosphere were removed ? 

(G) Will the siphon act better at the top or the bottom of 
a mountain ? 

(7) Could a siphon be employed to pump water out of the 
hold of a ship floating in a harbour ? 

(8) What is the greatest height over which water can be 
carried by means of a siphon when the mercurial barometer 
stands at 30 inches ? 

(9) If the ends of a siphon were immersed in two fluids of 
the same kind and the air were removed, describe what would 
take place. 

(10) A hollow tube is introduced into the bottom of a 
cylindrical vessel through an air-tight collar ; and a large tube, 
of which the top is closed, suspended over it, so as not quite to 
touch the bottom : consider the effect of gradually pouring 
water into the cylinder, until it reaches the level of the top of 
the inverted tube. 
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(11) A siphon is placed with one end in a vessel full of 
water, and the other in a similar empty one, both of which are 
on the plate of an air-pump. As soon as the water has cover- 
ed the lower end of the siphon, a receiver is put on, and the 
air rapidly exhausted, and then gradually readmitted : describe 
the effects produced. 

(12) A siphon, filled with water, has its ends inserted in 
vessels filled with water ; state what will take place when the 
vertical distances of the highest point of the siphon above the 
gurface of the fluid are both less, both greater, and one greater 
and the other less than the height of the Water-Barometer. 

(13) What is the length of the smallest siphon that can 
empty a vessel 2 feet deep 1 



CHAPTER VII. 



On the Thermometer, 



93. The general consequence of imparting heat to bodies 
is the expansion of their volume. 

The particles which compose a Bolid body, as for instance a 
block of lead, are held together by the force of cohesion. It 
requires a force of great magnitude to increase or to decrease 
the Yolume of a block of lead, though lead is a soft metal 
The application of heat, by weakening the force of cohesion, 
reduces lead and other metals to a liquid state, pushes the 
particles more widely apart, and thus increases the Yolume of 
the bodies to which it is applied. 

If heat be applied to a liquid^ as water, the cohesion of the 
particles is weakened, and they ultimately acquire a tendency 
to break away from each other and assume the form of a 
Yapour. 

If heat be applied to an elastic fluids as air, it 
causes it to expand. Thus if a bladder, partly full 
of air, be placed before a fire, the air will expand 
and distend the bladder. 

Again, if a piston P exactly fits a cylindrical 
tube AB^ and is supported by the condensed air 
in PB, if heat be applied to the air in PB it will 
expand and raise the piston. 
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94. The Mercurial Thermometer is an instrument con- 
structed to measure temperatures by means of the extent of 
the expansion or contraction of mercury. 

It consists of a glass tube of uniform bore 
closed at A and terminating at the other end 
in a bulb. The bulb contains mercury, which ex- 
tends part of the way up the tube. The space 
between the mercury and the top of the tube is a 
vacuum. 

If the mercury in the instrument be subjected 
to an increase of heat, it expands and rises higher 
in the tube. 

A vacuum is obtained in the upper part of the 
tube before the end A is closed by making the 
mercury in the instrument boil, so as to expel the 
air through the opening at A^ which is then her- 
metically sealed, and the mercury sinking as it cools leaves a 
vacuum in the upper part of the tube. 

96. To graduate a Thermometer, 

The portion of the instrument containing the mercury is 
plunged into melting ice : the mercury shrinks, the column 
descends and finally becomes stationary. The point at which 
it rests is marked: it is the freezing point of the ther- 
mometer. 

The instrument is next placed in the vapour of water boil- 
ing under a given atmospheric pressure : the mercury expands, 
the column rises and finally becomes stationary. The point at 
which it rests is marked : it is the boiling point of the ther- 
mometer. 

The space between the freezing point and the boiling point 
is divided into equal spaces, called degrees. 

In the Centigrade Thermometer freezing point is marked 
0® and boiling point 100®. 

In Fahrenheit's Thermometer freezing point is marked 32<> 
and boiling point 212^ 

In Reaumur's Thermometer freezing point is marked 0^ and 
boiling point 80^ 

96. Having given the number of degrees on Tahrenheits 
Thermometer, to find the corresponding number of degrees 
on the Centigrade Thermometer. 
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Let AM be the line at which the mercury stands at freezing 
pointy 

BN at boiling point. 




Now ■ 



Then 

^ilf and JJiVare marked 0® and 100® on the Centigrade scale 

32« and 2120 Fahrenheit 

Let the mercury stand at the line PQ, and suppose the 
graduations on the scales to be (7® and respectively. 

AP MQ 

AB" MN' 

G _ JP-32 

100^ 212-32* 

C P-.32 
or = • 

100 180 ' 
5~ 9 ' 

and from this equation we can find C when F is given and F 
when G is given. 

97. To compare the scales of the Centigrade and Reau- 
mur's Thermometer, we proceed in the same way, putting O**, 
R, 80*^ instead of 32<^, F, 212^^ respectively, and we obtain 

G 

100 ~ 80' 
G R 



Hence the three scales are thus connected, 
C P-32 jg 
5~ 9 '"4' 
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98. The following examples will shew how to find the 
nmnber of degrees marked on any one of the three scales when 
the number marked on one of the other scales is given. 

Ex. (1) What reading on the Centigrade scale corre- 
sponds to 56^ Fahrenheit ? 

Since ^= — — ^ , 
5 9' 

and-F=56, 

<7_ 56-32 

5" 9 ' 

.-.9(7=5x24, 

.•.c=!|».i3,, 

.*. the reading on the Centigrade scale is IS^^degrees. 

Ex. (2) What reading on the Fahrenheit scale corresponds 
to 14P Centigrade ? 

Since (7= 14, 
14 .F-32 
5 " 9 ' 
.-. 126 = 5i^-160, 
.-.52^=286, 

that is, the reading on the Fahrenheit scale is &J\\ 

Ex. (3) If the sum of the readings on a Centigrade and a 
Reaumur be 90, what is the reading on each ? 

Here we have two equations, from which we can find C 
and 

(1), 

6 4 ^ ^' 

(7+i2=90 (2); 

.-.4(7=672 I. 

4(7+472 = 360 j ' 

.•.422=360-672, 

.-. 922=360, 

and so 22=40 and (7=50. 
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SXAMPLB&— YII. 

(1) Giye the nnmber of d^^es in the Centigrade and 
Reanmor's scale respectively that correspond to the following 
readings on Fahrenheit's scale, 

(1) 30^ (2) 45«, (3) 660, (4) qo^ (5) .70^ (g) .450, 

(2) Give the number of degrees in the Centigrade and 
Fahrenheit's scale respectively that correspond to the following 
readings on Reaumur's scale, 

(1) 6°, (2) 20*, (3) (4) -180, (5) _64(»^ (g) X200 

(3) Give the number of degrees in Fahrenheit's and 
Reaumur's scales respectively tliat correspond to the following 
readings on the Centigrade scale, 

(1) 16®, (2) 450, (3) 1100, (4) 00 (5) -16* (6) -24* 

(4) Is it necessary that the section of the tube tlirough 
which the mercury rises iu the Thermometer should be the 
same throughout ? 

(5) If the sum of the readings on a Centigrade and Fahren- 
heit be 60, what is the reading on each ? 

(G) At what temperature will the degrees on Fahrenheit 
be five times as great as the corresponding degrees on the 
Centigrade ? 

(7) At what point do Fahrenheit and the Centigrade mark 
the same number of degrees ? 

(8) Show how to graduate a Thermometer on whose scale 
200 gi^i denote the freezing point, and whose 80th degree shall 
indicate the same temperature as 80* Fahrenheit. 

(9) What will be the reading on the Centigrade when 
Fahrenheit stands at 7S0 ? 

(10) The sum of the number of degrees indicating the 
same temperature on the Centigrade and Fahrenheit is 88, 
find the number of degrees on each. 

(11) What reading on the Centigrade corresponds to 49^ 
Fahrenheit ? 

s. H. 6 
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(12) What would be the inconvenience of having the bore 
of the Thermometer large \ 

( 13) At what temperature will the degrees on Fahrenheit 
be 3 times as great as the corresponding degrees Centigrade ? 

(14) The numbers of degrees indicated at the same instant 
by a Centigrade and a Fahrenheit's thermometer are as 5 : 17 ; 
determine the temperature. 

(15) What is the temperature when the number of degrees 
on the Centigrade is as much below zero, as that on Fahren- 
heit's is above zero ? 

(16) One Thermometer marks two temperatures by 9" and 
lO® ; another Thermometer by 12® and 14®; what will the latter 
mark, when the former marks 15® ? 

(17) One Thermometer marks two temperatures by 8* and 
W ; another Thermometer by 11® and 14®; what will the latter 
mark when the former marks 16®? 

(18) If the difference of the readings on Fahrenheit and 
Reaumur be 47, what are the readings ? If the difference in- 
crease by a given number of degrees, find how much each of 
the thermometers has risen. 



CHAPTER VIII. 



Miscellaneous Examples, 

99. Wb shall now give a series of examples' to illustrate 
more folly the principles explained in the preceding Chapters. 
The important law of pressure in the case of compressed air, 
of which we treated in Arts. 80, 81, will be referred to as 
Marriotts 9 Law*, 



Examples worked out, 

1. Water is 770 times as lieavy as air. At what depth 
in a lake would a bubble qf air be compressed to the density 
of water ^ supposing Marriotte's law to hold good throughout 
for compression? 

At the surface the density = that of atmosphere, 
and 33 feet of water are equivalent to one atmosphere ; 
.'. at depth of 33 ft. the density = twice atmospheric pressure, 

(2 X 33) ft = three times 

(769x33) ft = 770 times 

.*. the density will be equal to that of water at a depth of 
(769x33)ft.l«., 25377 ft. 



* It was proved by the independent researches of Marriotte, a French 
Physician, and Boyle, the English Philosopher. 

6—2 
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2. A body weighs in air 1000 grs., in water 300 grs., and 
in anotlker liquid 420 grs,: what is the specific gravity cf the 
latter liquid? 

In water the body loses (1000- 300) grs., i,e, 700 grs., 

in other liquid (1000 -420) grs., i.e. 680 grs. ; 

.\ equal volumes of water and of the other liquid weigh re- 
spectively 700 grs. and 580 grs. 

measure of specific gravity of other liquid =^^^= •828671 4. 

3. Taking accmmt of atmospheric pressure^ and taking 
ZZ/eet as the height of the water barometer, at what depth 
in a lake is the pressure twice what it is at a depth of one 
yard ? 

Pressure at the surface = weight of column of water 33 ft. high, 
Pressure at 3ft. depth = weight of column of water 36ft. high; 

for a double pressure we must take 36 feet lower, that i% 
36 feet lower than 3 feet, or 39 feet from the surface. 

4. A flat piece of iron, weighing 3 lbs., floats in mercury^ 

and if another piece of iron of like density weighing 2 ^ lbs. 

is placed upon it, (he flat piece is Just immersed. Compare 
the specific gravities of iron and mercury. 

Total weight of iron = ^ 3 + 2 g^g ) lt)s. = 6 ^ lbs. 

The volumes of the part immersed and of the whole will be 

as the weights, that is, as 3 : 6 or as 78 : 136. 

:. sp. gr. of iron : sp. gr. of mercury =78 : 135, 

= 26 : 45. 

5. Air is confined in a cylinder surmounted by a piston 
without weight, wJiose area is a square foot. What weight 
must be placed on the piston that tlie volume of air may be 
reduced to half its dimensions ? 

By Marriotte's law the air when reduced to half its volume 
will have double its original pressure. Hence taking 15 lbs. 
per square inch as the original atmospheric pressure, it be- 
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comes 30 lbs. per square inch below the piston. But the at- 
mosphere still exerts a pressure of 15 lbs. per square inch 
above the piston. Therefore a pressure of 15 lbs. more per 
square inch is required to keep the piston at rest. 

.'. weight required =(15 x 144) lbs. =2160 lbs. 

6. Ifihe capacity of the receiver qf an air-pump he\(S 
timet that qfths barrel, shew that, afier 3 etrokes qf tlie piston, 
the air in the receiver loiU have lost nearly one-fourth of its 
density, * 

By the formula of Art. 72, if po Pn be the densities 
originally and after the stroke, and B and B ho the capa- 
cities of the receiver and barrel, 

Pn_f R V 
pr\R^B)' 

" po \10-»-l/ 1331' 

A *^\^^ 1000\ 331 1 , 

.-. density lost= \\ - — j po= J33YP0 = ;j^Ponearly. 

7. A block qf wood ^ s. g. weighing 166 lbs, is Jloat- 

ing in fresh water. What weight placefit on it will sink it to 
the level of the water ? 

Let 47= the weight in lbs. 

Then x + 156 » weight in lbs. of water displaced by volume 
of wood alone, 

= 169; 

^=(169-166) lb8. = 13 lbs. 

8. In a mixture of two fluids, qf which the specify gra- 
vities are 3 and 5 respectively, a body, whose B. o. if 8, loses 
half its weight. Compare the volumes mixed. 

Weight lost = weight of fluid displaced, 

= \ weight of body whose s. o. is 8, 

:. s. o. of the mixture is 4. 
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And since the separate specific gravities are 3 and 5, while the 
sp. gr. of the mixture is 4, the fluids most be mixed in equal 
volumes. 

9. A vessel of water has fox its horizontal section a rect^ 
angle 6 feet by 2 feet, A substance weighing 650 lbs. is im- 
mersed in it, and the water rises 8 inches. Find the specific 
gravity qf the substance. 

Sectional area= 12 square feet. 

Volume of substance = ( 12 x |^ cub. ft. 

=8 cubic feet; 
.*. 8 cubic feet of the substance weigh 550 lbs. j 

1 cub. ft ^ lbs., or 68-76 lbs; 

Also, a cubic foot of water weighs 62*5 lbs., 

sp. gr. of substances. = 1*1. 

10. A cylinder floats in a fluid A with one-third qf its 
axis immersed, and in another B with three fourths of its 
axis immersed. How deep will it float in a fluid which is a 
mixture of equcU volumes qf A and B ? 

3 1 

Sp. gr. of ^ : sp. gr. of J? = - : 

= 9:4; 

9 + 4 

/. sp. gr. of mixture of equal volumes = -g— =6*6. 

If therefore the body has \ of its axis immersed in a fluiid 

of 8. G. 9, when it is immersed in a fluid of a g. 6*6 the part 
immersed is obtained from the following relation, where, a; is 
the part immersed, 
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100. We shall now give a set of easy Examples to be 
worked by the student by way of practice. 



Examples. — VIII. 

1. An ioebei^ (s. a. *925) floats in sea-water (s. o. 1025). 
Find the ratio of the part out of the water to the part im- 
mersed. 

2. A body floats in a fluid (s. o. *9) with as much of its 
Yolimie out of the fluid as would be immersed if it floated in a 
fluid (s. o. 1*1). Find the specific gravity of the body. 

3. Find the Fahrenheit Temperatures 'corresponding to 
-40<^ and 4-350® Centigrade. 

4. The capacities of the barrel and receiver in a Smea- 
ton's air-pimip are as 1 : 3. A barometer enclosed in the 
receiver stands at 28 inches. What will be the height after 
tlnree upward strokes of the piston ? 

5. Two hydrometers of the same size and shape float in 
two different fluids with equal portions above the surfaces, and 
the weight of one hydrometer : that of the other =1 ; 
Compare the specific gravities of the fluids. 

6. A man weightng 10 stone 10 oz. floats with the water 
up to his chin when he has a bladder under each arm half the 
size of his head and without weight If his head be one* 
twelfth of his whole bulk, find his specific gravity. 

7. At what height does the water barometer stand when 
the mercurial barometer stands at 28 inches (s. a. of mercury 
= 13-6)? 

8. What degree Centigrade corresponds to 27® Fahren- 
heit? 

9. A man 6 feet high dives vertically downwards with his 
hands stretched 18 inches beyond his head. What depth has 

he reached when the pressure at his fingers' ends is - that at 

his feet? 
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10. A string will bear a strain of 10 lbs. 7 oz« Determine 
the size of the largest piece of cork (s. g. '24) which it can keep 
below the surface of mercuiy (s. g. 13*6). 

11. In De Lisle's Thermometer the freezing point is 150*^ 
and the boiling point zero. What degree of this thermometer 
corresponds to 47® Fahrenheit? 

12. Cork would float in n atmospheres. Find n (s. a. of 
air and cork being *0013 and *24). 

13. An elastic body of & g. '6 is compressed to ^^J^ of 

its natural size by immersion n feet in water. At what depth 
will it rest? 

14. If the body in Question 13.wcigh lOibs., what are the 
magnitudes and directions of the forces which will keep it in 
equilibrium at depths (a) 5 feet, and 30 feet? 

15. At what depths will the force required to keep the 
body in Questions 13 and 14 at rest be 1 lb. ? 

16. At what temperature are the readings on Reaumur, 
Centigrade and Fahrenheit proportional to 4^ 5, 25 ? 

17. At what temperature is the sum of the readings on 
Reaumur, Centigrade and Fahrenheit 212 ? 

18. A body (s.o. 2'6) weighs 22 lbs. ift vacuo and another 
body (s. G. 7*8) weighs n lbs. in vacuo ; and their apparent 
weights in water are equal Find n. 

19. Find the specific gravity of the fluid in which the 
apparent weights of 1 lb. of one substance (s. G. 3) and 3 lbs. of 
another substance (s. G. 2*25) are equal 

20. Equal volumes of two substances (s. g. 2*7 and 6*1) are 
immersed in water and balance on a straight lever 71 inches 
long. Find the position of the fidcrum. 

101. We proceed with some examples of somewhat greater 
difficulty than those already given. 

Note. We shall assume that the volume of a sphere is 
\ irr*, r being the radius. 
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ExampUi worked out, 

1. Shew how the depih qfthe descent in a Dining Bell 
can be determined from obsertxitione on the barometer. 



y 

D 



Let ABheihe surface of the water, CD the water level in 
the bell at the end of the descent 

Now pressure at CD is equal to pressure throughout the 
upper part of the bell, and is therefore equal to the pressure 
due to atmosphere + weight of column of water ft. high. 

Hence if ^ be the measure of the specific gravity of 
mercury, and h, h' the measures of the heights of the mercu- 
rial column at surface of the water and at the bottom, 

measure of pressure at CD—h8+{x+y) x 1. 

But measure of pressure at CD-h'% \ 

h9'\-x+y=h'8j 

/. x={h'-h)8-'y. 

Now, by Marriotte's law, if a be the measure of the height 
of the bell, 

y h h 
N 
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2. What must be the least size in cubic feet of an inflated 
balloon, that it may rise from the earth when filled with gas 
whose specific gravity compared vnth that qf air is '08^ the 
weight qf a cubic foot of air being '3 grains, and the collapsed 
balloon car and contents weighing altogether 550 lbs, ? 

Taking 1 as the measure of the specific gravity of air, 

and V ofthe volume of theinflated balloon, 

weight of inflated balloon, \ _ ^jt^.^s^ 



weight of air displaced =(«rx 1) grs. = Fgrs. 
Kow 1 cubic ft. of air weighs '3 grs.. 



3. The weighs qf a globe in air is W, and in water w ; 
find its radius, supposing s and a to be the specific gravities 
qf water and air. 



neglecting weight of envelope, 



V -SFgrs.; 

.-. ascensional force = ( 3 V- 08 V x '3) grs. 

=(-92x-3r)grs. 

.-. -92 X -3 r= 660x7000, 




Let i2= radius of globe, and P= weight of globe in yacno. 
Then volume of globe =| ttR^ ; 



... p^^nJRS'a^JF (1), 




(2X 



Hence, subtracting (2) from (1), 
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4. How deep must a cylindriccd diving bell be submerged 
so as to be Just ho^ffuU qf water f ' 

At first the bell is full of air of ordinary density. 

When the bell is half full of water, the air is compressed 
into half its original yolume, and therefore the density is 
doubled. 

But the additional density is entirely due to the weight of 
a column of water 33 feet high. 

Hence when the surface of the water in the bell is 33 feet 
below the upper surface, the bell will be half full of water. 

6. A spherical balloon is to be formed of a material cf 
which the thickness is k, and specific gravity relatively to 
air b : if it be filled with gas qf specific gravity d^ prove that 
in order that it may ascend the extreme radius must exceed 



^ \b+d) • 



Let a; extreme radius. 
Then x^k= interior radius. 

4 

weight of envelope alone =^n{a^-{x-Kf}b (1), 

o 
4 

gas -^nix-K^d (2), 

4 

air displaced ... = « ira^ x 1 (3). 

3 



The balloon will not ascend unless the sum of (1) and (2) be 
less than (3). 

.-. |7r{a?'-(;p-ic)»}S+tir(2?-ic)»<^-^7r^less than 0; 
,-. a!»(8-l) less than («-«)» (8-d), 
.-. ^"greater than (1^)* 
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.'. greater than 



.•. - less than 1 - 

X 



1 6. For two given temperatures the readings qf me 
barometer are and and qf another and fjJ^ respectively. 
What Kill be the reading of the latter when tlie former 
gives Pf 

(n — m) deg. of the 1st are equivalent to (v — /t) deg. of the 2nd. 

/. -1^ 1st 2nd. 

n-m 

P 1st f-^^) i 2nd. 

7. A glohe, 2 feet in diameter , when floating is half imr 
mersed in water ; what is its weight ? 

The globe must be half as heavy as water. 
4 

Now volume of globe = - tt cubic feet^ 
3 

and 1 cub. ft of water weighs 62'5 lbs. 

.'. I IT cub. ft. of water weigh ^62-25 x ^) lbs. ; 

.-. weight of globe = ^ (62-25 x ^) lbs. 

= 130*9 lbs. nearly. 

8. A sphere whose radius is 6 inches and weight 35 lbs. 
is suspended by a string. Required tJie tension qf the string 
when the sphere is wholly immersed in water. 



Volume of sphere = ^g/ ^ 6 

Weight of water displaced = (| ^ 62*5) lbs. 

.-. tension of string = (35-^ x 62*6^ lbs. 

=2*275 lbs. nearly. 
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9. A pipe 15 feet long, closed at the upper extremity, is 
placed vertically in a tank of the same height, and the tank is 
fitted with water. Prove that if the height cf the water 
barometer be Z^/t din., the water will rise Zft. 9 in. in the 
tube. 

Let ;r= measure of height to which the water rises in feet. 

Then 16 measure of space filled with air. 

By Marriotte's law, the pressure of the air inside may be 
represented by 

X33» 



15-a? 4 

But this pressure is also represented by the measure of a 

3 

column of water 33 ^ ft + a column (16 x) ft. 

33^+15-a?=-^^x33? 
4 4' 



50625 



64 ' 

255 225 

.-. a?= 120 ft. or 37ft. 

4 

The first result is evidently impossible* 

10. if a lighter fiuid rest upon a heavier, and their 
specific gravities he s and and if a body whose sp, gr. is a- 
rest with V of its volume in the upper fiuid and V in the 
lower, shew that 

V : r'=ir'-o- : tr-s, 
weight of body = weight of fluid displaced, 

^sV+s'V\ 
.-. r(cr-.) = r(*'-cr), 
.-. V : r'=*'-cr ; o-#. 
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Examples.— IX. 

1. Equal volumes of gold (s.g. 19'4) and silver (s.g. 10*4) 
balance on a straight lever, (1) in vacuo, (2) in water, (3) in 
mercury (s.g. 13*5). Find the ratio of the arms and position 
of the fulcrum in each case. 

2. An inclined plane is immersed in a fluid (s.G. 3) and a 
body (s.G. 7) weighing 7 lbs. in vacuo is supported on the plane 
by a horizontal force of 3 lbs. Find the ratio of the height and 
base of the plane. 

3. A balloon filled with Hydrogen (s.g. '07) just rises in 
air (s.G. 1). The balloon, exclusive of the Hydrogen, weighs 
lOcwt. If a cubic foot of air weigh l'3oz., find the volume of 
Hydrogen in the balloon, neglecting the volume of all else. 

4. If the balloon in Question (3) rise and rest with its 
barometer at three-fourths of its original height, how much 
gas must have been expelled, and how much ballast thrown 
out? 

5. Explain why the gas and ballast in Question (4) are 
expelled. 

6. A cylindrical vessel is made of wood: the exterior 
radius is 4 inches and the interior 3 inches, the thickness of 
the bottom one inch, and the height of the cylinder 9 inches. 
It floats in water when the bottom is 3 inches below the sur- 
face. Find the specific gravity of the wood and the depth to 
which it will sink when a BmaU hole is made in the bottom. 

7* A piece of ice, supporting a stone, floats in a vessel of 
water. Will any change take place in the level of the water 
as the ice melts ? 

8. Shew that in a cylinder immersed as in Question (25) 
page 64, the depth of the interior surface below the exterior is 
a mean proportional between the height of the cylinder and 

' that of the water barometer. 

9. A cubical water-tight box, whose edge is 1 foot, is sunk 
to a depth of 80 fathoms in the sea. Find the pressure on the 
top. 

Would it make any diflference in the circumstances of the 
box if it were not water-tight ? 
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10. Aji daatic air-tigfat bag has forced into it air soffideut 
to fill 19 bags of the same original sLea To what depth most 
it be sank in the water that it may retom to its original size, 
the height <tf the water-barometer being 34 feet ? 

11. A Tosssd made of thin heavy material and containing 

a cobic foot <tf fluid, the specific gravity of which is - , floats in 

8 

wat^, the surfaces of the water and the fluid being in the 
same horizontal plane. Find the weight of the vessel when 
empty. 

12. In Question (11) if some more fluid of the same kind 
be poured into the vessel, will the surface of the fluid or that 
of the water be the higher % 

13. A cylinder 30 inches long is composed of lignum vitss 
in its lower half and cork in its upper half, and floats vertically 
in water. If the specific gravities of lignum vitse and cork be 
I'l and 25 respectively, shew that the cylinder will float 20*25 
inches deep. 

14. Two pieces of cork, both small but the volume of one 
three times that of the other, are connected by a thread three 
feet long passing round a fixed pulley at the bottom of a tank 
of water 2 feet deep. Supposing the specific gravity of cork 
to be '25, shew that in the position of eqililibrium the smaller 
piece will be totally unmersed and the larger piece half 
immersed. 

1 5. Two reservoirs of water at different levels are separated 
by a solid embankment, and a bent iron tube of adequate length 
is placed with an end in each. If the barrel of an air-pump 
be screwed into an aperture at the top of the tube, shew that 
generally after sufficiently working the air-pump the water will 
flow through the tube from the higher reservoir to the lower. 
Under what circumstances will this fail to take place % 

16. Two bodies of equal volume are placed one in each 
scale-pan of a Hydrostatic Balance, and are then inmiersed in 
two liquids which are such that the bodies just balance each 
other : the liquids are then interchanged, and it is found that 
tiie bodies balance when one of them is just half immersed. 
Find how much of the heavier body must be immersed in a 
liquid, composed of equal volumes of the two liquids, so that it 
may just balance the lighter not immersed. 
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17. A siphon ABG^ each branch of which is less than 30 
inches long, is filled with mercury and both ends are stopped. 
It is then placed with the end ^ in a bowl of mercury and the 
end (7 in a bowl of water, the surface of the mercury being 
Icyvoer than that of the water and higher than the end (7. If 
the ends be simultaneously unstopped, shew that mercury will 
flow through the tube into the water provided that 

5 be greater than - , 

^ P 
z, y being the respective depths of the end C below the planes 
of the surfaces^ and p, p' the respective densities of mercury 
and water. 

18. The air-vessel of a force-pump is a cylinder of height <r, 
whose section A is the same as that of the piston : the water 
has. to be lifted to height h of the water-barometer above the 
bottom of the air-vessel, by means of a pipe of section a and 
heights : if, when the pump commences working, the water be 
just below the valve in the air-chamber, find after how many 
strokes, each of length of the piston, the water will be at the 
top of the pipe. 

19. A cylinder whose height is 8 inches, is floating with 
its axis vertical and its base 6 inches below the surface of 
water : a weight of 6 lbs. when placed on the top of the cylin- 
der just brings the upper surface to the level of the water. 
Find the weight of the cylinder. 

20. When two metals are mixed in equal volumes they 
form a compound of specific gravity 9 ; when they are mixed 

in equal weights they form a compound of specific gravity 8 

find the . specific gravities of the metals. 

21. A cylindrical jar can just sustain a pressure of 165 lbs. 
to the square inch without breaking, and an air-tight piston 
which fits the jar is thrust down and compresses the air in the 
jar. Find the height of the jar, supposing it to burst when the 
piston is an inch from the bottom of the cylinder, the pressure 
of atmospheric air being 15 lbs. to the square inch. 

22. In Smeaton's air-pump if there be conmiunication with 
a condenser through the upper valve, and the capacity of the 
cylinder be half that of either receiver, compare the pressures 
in the receivers after two descents and ascents of the piston* 
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NOTBS. 

1. On page 6, line 7, insert the word additional before 
the word /orcBy so that it reads thus: ''the same additional 
force PJ* 

2. On page 15 the constnictaon of the cylinder and lines 

6, 7, 8, 9 are not necessary to the proo^ for it follows at once 
from Art. 34 that 

fluid pressure at A = fluid pressure at B. 

3. On page 24 it might be clearer if we inserted the sign 
X or the word times between VS, and (unit of weight) in line 

W 

7, also between and (unit of specific gravity) in line 14, 
and so in several other cases in pages 24 and 25. 

4 The first sentence in page 53 is not quite correct : it 
might better stand thus: ''The exhaustion of the air is re- 
tarded by the difficulty of making the piston come into close 
contact with the valves at A and (7, and it must always be 
limited by the weight of the valve C." 

5 The Aneroid Barometer is so called because no liquid 
(d privative and vfjpos "moist") is used in its construction. 
A metal cylinder about an inch in height, closed by an elastic 
piece of metal, is exhausted, and as the metal covering rises or is 
depressed, according to the changes of atmospheric pressure, 
it sets in motion hands like those of a watch connected with 
it. 

6. In reading the descriptions of the Pumps in pages 
67 — 71 the student must be careful not to derive any erro- 
neous notions from the use of the words Stiction-^ipe, It 
is retained (perhaps not wisely) as a technical term, con- 
venient for distinguishing the lower part of the pumps from 
the barrel 

7. In the description of the Siphon on page 72 it Is said 
to be of uniform bore. This is not essential to the working 
of the instrument, but it conduces to the regular action of it^ 
and renders the explanation more simple. 

7 
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It is also stated on page 72 that the longer branch must 
he atitnde the vessel This is not necessary, for the instru- 
ment will work with the shorter branch outside, provided 
that the extremity of that tomch be below the surfiEice of 
the fluid. 

8. To the Thermometers it might be well to add that 
which is called De Lisle's. This is much used in Russian 
scientific operations. In it the boiling point is marked 0^, and 
the freezing point 150^ 

9. It should be carefully observed that the freezing point 
of a Thermometer is found by placing the instrument not in 
freezing water ^ but in melting ice. 



ANSWERS. 



Examples I. (page 8.) 

1. 56|tons. 2. l^toDS. 3. 29629*d2d lbs. 

4. 1 oz. 5. 1 oz. 

6. The area of a circle whose radius is r is wr*, and tak • 
ing ^ as an approximate value of w, the answer is 65811^ cw%, 

Examples II. (page 18.) 

1. 20 lbs. 2. 37V^lb8. 3. 7:6. 4. 9:8. 

5. 10 feet. 6. 12 lbs. 7. 9 lbs. 

8. Iton 7cwt. 3qrs. 17 lbs. 9. 11 lbs. 12foz. 

10. 22500 lbs. 11. 1125^3 lbs. 12. f of its height 

13. Since the external pressure on the cork increases 
with the depth, while the internal pressure is constant, the 
cork will be forced in when the former exceeds the latter. 

14. 12itons. 15. 18 feet. 

Examples III. (page 27.) 
1. 166 lbs, 2. 18:1. 3. 7^oz. 4. '8. 
5. 6oz. 6. Iffoz. 7. *— . 8. 7-776. 

9. 116, 10. -844 11. 14. 

3 5 

12. -cub. in.; -cub. in. 

4 4 

13. Volumes as 1 : 2, weights as 1 : 4. 14. 2:1. 
16. 16. 2. 17. 9-326. 
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18. If fl?8, ^3 be the measures of the densities of the 
fluids, and d be the measure of the density of the mixture, 

19. 8-241... 20. -81. 21. 18-41. 22. 1-61... 
23. 313. 24. 8*6... oz. 

26. The volumes are as 57 : 1, the weights as 4446 : 97. 



Examples IV. (page 42.) 

1. 3§. 2. 507870 tons. 3. three-fourths. 

4. 4 dwts. 20jf grs. 5. 4. 6. 3 times weight of tub. 

7. two-thirds. 8. ||oz. 9. :^oz. 10. 3oz. 
07 4j2 

11. 42 OZ. 12. ^ oz. 13. I lbs. 14. 3 5. 

OO D 

15. g. 16. 5. 17. g. 18. 17f. 19. 6-3. 

20. 21. gf. 22. 2. 23. 47JIbs. 

24. 12 feet. 25. -66. 

26. Because the specific gravity of salt water is greater 
than that of fresh water. 

27. inches. 28. 1728. 29. 71bs. 9^oz. 
00 

30. Edge of cube is 2 feet. 31. 5f^. 

32 height of triangle 33 ^ ^ ^ ^^^^ ^^^^ 

downwards ; 3 : 4 when vertex is upwards. 34. 16 lbs. 

26 

35. -75. 36. 2 inches. 37. 9. 38. T^inch. 

39. 4 lbs. 40. 3 lbs. 41. 95 lbs. 

42. iTj 43. Increased^ if the 

wood be lighter than water. 44. 3:2. 45. '9. 
14129 

47. 177^ <^ *® inches. 

49. 8J?lbs. 50. 9Jtll>s. 61. 14^^. 62. 13. 
53. 6} indies. 65. 2^ 

56. cub. in. • 67. of a cubic yard. 

217 000 
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58. -of volume. 59. 760 oz. 60. —r of a cub. ft, 

W 

61. 936302451-687 eub. ft 62. . 63. 

3 

64. 920 grains. 65. or 1*0272 nearly. 66. '54. 

67. 433 grains; 69. 24/|^cub.in. 



Examples V. (page 60.) 

— ^ times original density. 2. 

original pressure. 3. 9 : 1. 4. No . because the 
pressure varies with the depth alone; so that if the section 
varied there. would still be equal vertical increments of space 
for equal increments of pressure. 5. 53| lbs. 

6. 1 W inches. 7. The mercury would fall to the 

level of the surface in the cup. 8. 14 625 lbs. 9. 10 feet. 

10. No : because a volume of mercury equal to that 
displaced by the iron will descend and allow the iron to take 
its place without disturbing the gen^'al upper surface. 

11. Sink: see answer to (16). 12. The mercury 
would descend a little. 13. 2*38 square inches. 14. '0109 
of original volume. 15. Ift S^g^in. 16. When 
the floating body is partially imniersed, both air and water 
are displaced: but the absolute weight of floating body = weight 
of displaced fluids, which must therefore be constant : there- 
fore when the barometer rises, there must be a less water 
displacement, Le. the body rises : while any decrease in the 
atmospheric pressure (when the barometer falls) will necessi- 
tate an increased water displacement, and therefore the body 
then sinks a little. 17. 1:2. 20. 28'8 inches. 

21. 1080 lbs. 22. 26 finches. 23. 6 feet 

24. 6 : 1. 25. The air will be compressed inside, and 
so displace less water : and since it floated originally, it will 
now sink, because the weight of displaced fluid is now less than 
the weight of the body. 26. 5 times original pressure. 
27. 32 ft. 28. 5^oz. 29. 4776 oz. 

30. AB : BC=p : q-p. 32. The space between 
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point and any graduation ought to be less than the space 
indicated by the number placed against that graduation in 
the ratio of 17 : 18. 33. 18*1505 lbs. nearly, 

34. of an inch. 36. 9^ inches. 



Examples VI. (page 75.) 

1. It will increase the time of filling the receiver, since 
the only effective work would be done by the descending 
piston, after passing the hole. It will fill the tank in 3 times 
the original time. . 2. 27 lbs. 

3. (a) If the hole be below the level of short end, no 
effect. 

0) If above this level but still in the long branch, all 
the fluid in this branch below the hole will descend, and all 
above in the same branch will ascend, causing the remainder 
of the fluid to flow through the short branch, till the siphon 
is emptied. 

(y) If in the short branch, all the fluid below the hole 
is this branch will descend ; all above in the same branch will 
ascend and flow through the long branch, emptying the 
siphon* 

(d) If at the top of the siphon, the fluid will descend 
in each branch and empty the siphon. 

4 32 ft. 9*53 in. or 32-79416 feet. 6. The fluid would 
descend in each branch and the siphon be emptied. 

6. At the bottom. 7. Ko : because the hold is lower 
than the surface in harbour. 

8. 33 ft. ll'lin. 9. If the air be removed from the 
siphon, the fluids would first ascend in each branch and after- 
wards flow as usual. 10. The water would rise in the in- 
verted tube as high as the top of the inserted tube and 
afterwards flow out of it 11. First, the water would soon 
cease to flow. Secondly, it would rise in each branch, and 
afterwards flow. 12. (a) The water will flow into the 
lower vessel 0) The water will descend in each branch till 
it stands at 34 feet above each surfeuie. (y) The same as (a). 
13. Each branch 2 feet. 
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ExAMPLBs VII. (page 81.) 

1, (1) -f. (2) 7r; h\\ (3) 13j«; lOj*. 

(4) -17^; -14f^ (5) -21|^ -17J0. (6) -42^; -34|". 
2. (l)6i^43i<». (2)25*;77^ (3) 0^ 32«. (4) ~22i«; -8^^ 

(5) -SO*; -112®. (6) 150*; 312*^. 3. (1) 60f ; 12f. 
(2) 113% 36«. (3) 230® ; SS*. (4) 32% 0» (6) 6% -12» 

(6) -11}®; -19i<». 4. Yes: if the graduations are to be 
uniform. 5. 10^ Cent and 50® Fah. 6. 10® Cent, and 

4 

50® Fah. 7. -40®. 8. Make each degree - ths that on 

Fahrenheit. 8. 25f«. 10. 20® Cent, 68® Fah. 11. 9f. 

12. The graduations would be inconveniently small. 

13. 80® Fah. 14. 20® Cent., 68* Fah. 15. -11? Cent, 
1 If Fah. 16. 24®. 17. 23®. 18. 59® Fah., 12® Reaum.; 

if ^ be the number of degrees, Fah. rises ^ and Reaum. ^ . 



Examples VIII. (page 87.) 

1. 4 : 37. 2. -495. 3. -40»and662®. 

4. 11-8125 inches. 6. 1 : J9. 6. r08S. 

7. 31 ft 8-8 in. 8. -2J«. 9. lUft 

10, ^ cub. ft 11. 137i®. 12. 

13. 10 feet 14. (a) 2 ^ lbs. downwards ; 

O) 2^ lbs. upwards. 15. 7 ^ ft., and 13 | ft. 



16. 50® Fahrenheit 17. 122® Fahrenheit 
1 

end. 
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18. I^j^* 2. 20. 30- inches from one 



Examples IX. (page 94.) 

1. (1) 97 : 52. (2) 92 : 47. (3) 69 : 90. 
In (3) ftdcrum is at one end, and gold between fulcrum and 
silver. 
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o o ^ ^ 10 X 112x16^ ^ 1 * • • 1 

2. 3:4. 3. ft. 4. - of onginal 

quantity in each case. 

6. Oas to preseiTe equilibrium of internal and external 
pressures on the balloon. Ballast to preserve equilbrium of 
vertical pressures on the balloon. 

2 4 

6. Sp. gr. = - . Height immersed =5 - inches. 

3 7 

7. J^To change will take place till the stone falls from the 
ice, it will then displace less water than before, and the sur- 
face will consequently sink. 

9. Taking a cubic foot of water to weigh 1000 oz., the 
pressure is 30000 lbs. The pressure would be the same inside 
as outside. 

10. 102 fathoms. 11. 125 oz. 12. The fluid 
surface. 

,^ 2 - A (2A + r-N/c" + 4A2) + a(N/c"2+4A«-c) 

r • 

19. 10 lbs. 20. 10 and 8. 21. 11 inches. 
22. 33 : 8. 
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Prose Composition : an English Grammar for Classical Schools ; 
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By Thomas Eerchever Arnold, M.A. 

Eighth Edition, i2mo. 4^. dd. 



-.The object of this work is to ground 
boys so thoroughly in the English Verb, 
especially in the Participles, Auxili- 
aries, and Participial Substantive, that 
they may not fall into the usual errors 
in translation. In the exercises the 
pupil learns not merely to correct errors, 



but to change one kind of construction 
into another equivalent one, which will 
give him a mastery over the idioms 
and laws of construction of his own 
language, and aid him in the acquisition 
of others. 
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Dean Alford's Greek Testament. 

With English Notes, intended for the Upper Forms of Schools, 
and for Pass-men at the Universities. 

Abridged by Bradley H. Alford, M.A., Vicar of Leaven- 
heath, Colchester ; late Scholar of Trinity College, Cambridge. 
Crown 8vo. loj. 6</. 



The volume consists of the revised 
text printed from the latest editions of 
the Larger work. In cases where, two 
readings seem of equal authority, the 
alternative text is presented beneath. 
The notes are faithful abridgments of 
those in the larger edition, presenting 
the results there arrived at, and sup- 
porting them by short proofs. Especial 
care has been taken to mark the se- 
quence of thought from chapter to 



chapter, and in the more closely rea- 
soned^ portions from verse to verse. 
Additional grammatical notes will be 
found, adapted to the use of younger 
Students, and accompanied by refe- 
rences to the usages of the Septuagint 
version and the rules of Donaldson's 
Greek Grammar. 

The whole is prefaced bj^ concise 
notices of the auUiorship, object^ and 
date of each book. 



Elementary Algebra, 

for the Use of Colleges and Schools. 
By James Hamblin Smith, M. A. , Gonville and Caius College, 
and Lecturer at St. Peter's College, Cambridge. 
Second Edition^ revised and enlarged. Crown 8vo. 41. dd^ 

Elementary Trigonometry. 

By the same Author. 
Second Edition^ revised and enlarged. Crown 8vo. 4/. 

Elementary Statics. 

By the same Author. 

Royal 8vo. 5j. (id. 

Elementary Hydrostatics. 

By the same Author. 

Second Edition^ revised and enlarged. Crown 8vo. ,v« 
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Aristophanis Comoediae, 

Edited by W. C. Green, M.A., late Fellow of King's Col- 
lege, Cambridge ; Classical Lecturer at Queens* College, 
Crown Svo. 



Part I. — The Achamians and the Knights. 4s. 
Part II.— The Clouds, y, 6d, 
Part III.— The Wasps. 3^, 6d. 

An Edition of The Achamians and the Knightsr" rezHsed and 
especially prepared for Schools, is now ready. \s. 



" The advantages conferred on the 
earner by these compendious aids can 
only be properly estimated by those 
who had experience of the mode of 
study years ago. The translated pas- 
sages and the notes, while sufficient 
to assist the willing learner, cannot be 
regarded in any sense as a cram^'' — 
Clerical Jourfuil. 

" Mr. Green has discharged his part 
of the work with uncommon skill and 
ability. The notes show a thorough 
study of the two Plays, an indepen- 
dent judgment in the mterpretation of 
the poet, and a wealth of illustration, 
from which the Editor draws whenever 
It is necessary." — Museum. 

"Mr. Green's admirable Introduc- 
tion to 'The Clouds' of tKe celebrated 
comic poet deserves a careful perusal, 
as it contains an accurate analysis and 
many original comments on this re- 
markable play. The text is prefaced 



by a table of readings of Dindorf and 
Meineke, which will be of great service 
to students who wish to indulge in 
verbal criticism. The notes are copious 
and lucid, and the volume will be found 
useful for school and college purposes, 
and admirably adapted for private 
reading. " — Examiner. 

"Mr. Green furnishes an excellent 
Introduction to ' The Clouds' of Aris- 
tophanes, explaining the circumstances 
under which it was produced, and ably 
discussing the probable object of the 
author in writing it, which he con- 
siders to have been to put down the 
Sophists, a class whom Aristophanes 
thought dangerous to the morals of 
the community, and therefore carica- 
tured in the person of Socrates. — 
not unnaturally, though irreverently, 
choosing him as their representative." 
— A thenaum. 



The Nicomachean Ethics of Aristotle, 

A new Translation,- mainly from the Text of Bekker. With 
an Introduction, a Marginal Analysis, and Explanatory Notes. 
Designed for the use of Students in the Universities. 

By the Rev. D. P. Chase, M.A., Fellow of Oriel College, 
Oxford, and Principal of St. Mary Hall. 

Third Edition, revised. Crown 8vo. 6j, 



Household Theology: a Handbook of 

Religious Information respecting the Holy Bible, the Prayer 
Book, the Church, the Ministry, Divine Worship, the Creeds, 
&c. &c. 

By John Henry Blnat, M.A- 

Third Edition. Foolscap 8vo. 3^. 6<£ 

The Cambridge Greek and English 

Testament, in Parallel Columns on the same page. 

Edited by J. Scholefield, M.A., late Regius Professor of 
Greek in the University. 

Fourth Edition. Small 8vo. 7J. 6^/. 

The Cambridge Greek Testament. 

Ex editione Stephani tertia, 1550. 

SmallSvou jx. dd. 

Cicero, with English Notes from the 

best and most recent sources. 
Edited by Thomas Kerchever Arnold, M.A. 

i2mo. 

Part L — Selected Orations. Third Edition. 4^- 
Part II. — Selected Epistles. 5^. 

Part III. — The Tusculan Disputations. Second Edition. 

Part IV. — De Finibus Malorum et Bonorum. (On the 

Supreme Good. ) s^s. ^d. 
Part V. — Cato Major, sive De Senectute Dialogus. is. dd. 

The object of this Series is to give cult passages, and give such explana- 

the pupil suj^ient help, but not too tions of ancient laws and customs as 

muck: the notes, which are mostly may enable the pupil to understand 

taken from the best German editions, the allusions of the audior. 
render assistance in all the really diffi- 
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Introduction, Analysis, and Commentary. 

Edited for the Syndics of the University Press. By the 
Rev. Hubert Holden, LL.D., late Fellow and Head Master 
of Ipswich School, Classical Lecturer of Trinity College, 
Cambridge. 

Second Edition^ much enlarged and improved. Post 8vo. ^s. 6d, 

Ciceronis Oratio pro Tito Annio Mi-- 

lone. With a Translation of Asconius*, Introduction, Marginal 
Analysis, and English Notes. 

Edited for the Syndics of the University Press, Cambridge. 
By the Rev. John Smith Pnrton, late President and Tutor of 
St. Catharine's College. 

Second Edition, Post 8vo. 3J. (id, 

Ciceronis Orationes. 

Edited by Charles Edward Oravefl, M.A., Classical Lecturer 
and late Fellow of St. John's College, Cambridge. 
Part I.— Pro P. Sextio. 
Crown 8vo. {In preparcUion,) 

Ovidi Tristia. 

Edited by Oscar Browning, M. A., Fellow of King's College, 
Cambridge ; and Assistant Master at Eton College. 
Crown Svo. {In preparation.) 



Cornelius Nepos. Part I. With 

Critical Questions and Answers, and an Imitative Exercise on 
each Chapter. 
By Thomas Kerchever Arnold, M. A. 

Fifth Edition. 1 2mo. 4r. 
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With Notes and Introductions. 

By Chr. Wordsworth, D.D., Bishop of Uncoln; formerly 
Canon of Westminster, and Archdeacon. 

2 Vols. Impl. 8vo. 4/. 
The Parts may be had separately, as follows : — 

The Gospels, *jth Edition^ 21J. 

The Acts, t^th Edition, loj. dd, 

St. •Paul's Epistles, 5M EdiHon, 31J. 6d, 

General Epistles, Revelation, and Indexes, p^d Edition, 21s. 

A Complete Greek and English 

Lexicon for the Poems of Homer, and the Homeridae ; illus- 
trating the Domestic, Religious, Political, and Military Con- 
dition of the Heroic Age, and explaining the most difficult 
Passages. 

By G. Ch. Cmsius. Translated from the German, with Cor- 
rections and Additions, by Henry Smith, Professor of Lan- 
guiiges in Marietta College. Revised and edited by ^oxaat 
Kerchever Arnold, M. A. 

Third Edition, iimo. 9J. 

Classical Examination Papers. 

Edited, with Notes and References. By P. J. F. Ckmtillon, 
M.A., sometime Scholar of St. John's College, Cambridge, 
Classical Master in Cheltenham College. 

Crown 8vo. *is. 6d. 

Demosthenes. 

Edited from the best Text, with copious English Notes aiid 
Grammatical References. 
By Thomas Kerchever Arnold, M. A. 
The Olynthiac Orations. Third Edition, 
The Philippic Orations. Third Edition. 4f. 
The Oration on the Crown. Secdnd Edition. 4s, 6d. 
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Demosthenis Oraf tones Publicae. 

Edited by G. H. Heslop, M.A., late Fellow and Assistant 
Tutor of Quieen's College, Oxford. Head Master of St. Bees. 
Crown 8vo. 

Parts I. & II.— The Olynthiacs and the Philippics. 4J. 6</. 
Part III. — De Falsd Legatione. (/« preparation,) 



" The usual introduction has in this 
case been dispensed with. The reader 
is referred to the works of Grote and 
ITiirlwall for information on such points 
of history as arise out of these famous 
orations, and on points of critical 
scholarship to 'Madvig's Grammar,* 
where that is available, while copious 
acknowledgments are made to those 
commentators on whose works Mr. 
Heslop has based his own. Mr. Hes- 
lop's editions are, however, no mere 
compilations. That the points required 
in an oratorical style differ materially 
from those in an historical stylej will 
scarcely be questioned, and accordingly 
we find that Mr. Heslop has given 



special care to those characteristics of 
style as well as of language, which 
constitute Demosthenes the very firet 
of classic orators." — Standard. 

"The notes are thoroughly good. 
Mr. Heslop has carefully digested the 
best foreign commentaries, and his 
notes are for the most part judicious 
extracts from them." — Museum. 

"The annotations are scarcely less 
to be commended for the exclusion 
of superfluous matter than for the ex- 
cellence of what is supplied. Well- 
known works are not quoted, but 
simply referred to, and information 
which oup;ht to have been previously 
acquired is omitted." — Atheiueum. 



EclogcB Ovidiance, with English Notes. 

Part I. ; from the Elegiac Poems. 
By Thomas Kerchever Arnold, M.A. 

Eleventh Edition, i2mo. 2s. 6d. 



This work is taken from the Latein- 
isches Elementarbuch of Professors 
Jacobs and Doering, and contains some 
choice selections from Ovid's Elegiac 
Poems. The notes, mostly taken from 
the German edition, and from Keight- 
ley's Fasti, explain the Historical and 
Mythological allusions, construction, 
&c., and point out any peculiarities in 
the structure of the verses. There is 
added a useful table of the declension 



of Greek Noons, and rules for the 
formation of Patronymics. 

The great object of the notes is to 
teach a boy to construe not only cor- 
rectly, but idiomatically, and by at- 
tending _ to the differences between 
the Latin and English modes of ex- 
pressing the same thought, to gain an 
insight into the construction of both 
languages. 
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Eclogce Ovidiance, Part II. ; contain- 

ing Selections from the Metamorphoses, with English Notes. 
By the same Editor. 

i2mo. 5J. 

Doderlein's Handbook of Latin Syno- 

nymes, Translated from the German, by H. H. Arnold, B. A. 
Third Edition, 1 2mo. 4r. 

A Collection of English Exercises. 

Translated from the Writings of Cicero, for School-boys to 
re-translate into Latin, and adapted to the principal Rules in 
the Eton Syntax. 

By William Ellis, M.A. Revised and unproved by T. K. 
Arnold, M.A. 

New Edition. i2mo. 3^. dd. Key, iimo. 3J. 

• A Collection of English Exercises. 

Translated from the Writings of Cicero, for School-boys to 
re-translate into Latin. 

By William Ellis, M.A. ; re-arranged and adapted to the 
Rules of the Public School Latin Primer, by John T.White, D.D. 
iimo. 3^. 6</. Key, iimo. 3^. 

Flosculi Cheltonienses : a Selection frofn 

the Cheltenham College Prize Poems, 1846—1866. 

Edited by C. S. Jerram, M.A., Trinity College, Oxford, and 
Theodore W. James, M.A., Pembroke College, Oxford* 
Crown 8vo. 9^". 

Artis Logic ce Rudiment a ; from the 

Text of Aldrich, with Notes and Marginal References. 
By the Rev. H. L. Mansel, D.D., Dean of St. Paul's. 
Fourth Edition^ corrected and enlarged. 8vo. lar. 6^. 
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Greek Lexicon ; founded on a work prepared by J. W. Fraders- 
dorf^ Ph. Dr., late Professor of Modem Languages, Queen's 
College, Belfast. 

Revised, Enlarged, and Improved by the late Thomas Ker- 
chever Arnold, M.A., formerly Fellow of Trinity College, 
Cambridge, and Henry Browne, M. A., Vicar of Pevensey, and 
Prebendary of Chichester. 

Fourth Edition. 8vo. 21s, 



EXTRACT FROM PREFACE TO THE FIRST EDITION. 



This Lexicon, projected by the late 
Thomas Kerchevbr Arnold, in con- 
junction with Dr. Fradersdorff. has 
occupied not less than seven years in 
its preparation, and more than four 
in Its progress through the press. 
* * * The materials collected from 
Rost have been collated with the 
German-Greek Lexicon of Dr. Joh. 
Franz (1838, 2 vols. 8vo, 1419 and 
1x85 columns), and the present Lexi- 
con has printed by the very great 
improvements, in copiousness of matter, 
critical accuracy, and scientific method, 
by which the work of that eminent 
scholar and accomplished writer and 
shaker of Greek is distinguished from 
that of his predecessor. The more 
compendious manual of Dr. W. Pape 
{1845, 8vo, pp. 818), based on the works 
of Kost and FranZj and on his own 
Greek -German Lexicon, has been also 
nsed with advantage. And the French- 
Greek Dictionary of M. Ozaneaux 
(1847, 8vo, pp. 1204) has been emi- 
nently serviceable, especially in those 
parts of our vocabulary and phrase- 
ology which are common to us with the 
French. The earlier work of MM. 
Alexandre, Planche, and Defaucon- 
pret, which is the French-Greek Dic- 
tionary ** authorized* by the Council of 
Public Instruction," had passed through 
several editions before that of 1849, pp. 
997 ; it is, however, by no means equal 
to that of M. Ozaneaux, and little use 
has been made of it in these pages. 

To the materials obtained from the 



sources which have been indicated, 
much has been added from collections, 
made for the purposes of this work by 
the present Editor, as also from good 
English translations of the classical 
authors, and, above all, from the Greek- 
English Lexicon of Liddell and 
Scott, to which indeed he has so 
constantly referred, that, besides the 
check upon renderings derived through 
the German or French^ the present 
volume, it is hoped, will serve as a 
tolerably complete Index to that in- 
valuable work, and, in fact, may be 
said to be based upon it at least as 
much as uoon the foreign lexicons 
which have been mentioned. 

It remains to be observed, that 
numerous articles have been written 
(luite independently of works already 
in existence. This has been done, 
freqttently^ in those words of most 
common use and extensive signification 
in which the characteristic idioms of 
our language are most conspicuous ; 
always ^ in the so-called ** relational " 
or '* form- words," whether verbs auxi- 
liary of tense and mood, or pronouns 
and pronominal words, conjunctions, 
negative and other adverbial particles, 
and prepositions. If in some of these 
articles the length to which they have 
been carried may seem more suitable 
to a Grammar or Manual of Greek 
Composition than to a Lexicon, the 
Writer can only plead his desire to 
make this work as practically useful 
as possible. 



T/ie First French Book ; 

on the plan of " Henry's First Latin Book." 
By Thomas Kerehever Arnold, M. A. 

Sixth Edition, i2mo. 5j. 6^/. Key, 2^. dd. 

This work (on the same plan as to gain a fair knowledge of the idioms 

Henry's l^lrst Latin Book) is at once of the language, and acquires an exten< 

a Grammar, Exercise, and Construing sive Vocabulary. 
Book : the pupil is led by easy steps 



A First Verse Book; being an Easy 

Introduction to the Mechanism of the Latin Hexameter and 
Pentameter. 
By Thomas Kerchever Arnold, M. A. 

Ninth Edition, 1 2mo. ^s, Tutor's Key, i j. 



This Work, which is both a Verse 
Book and also a short but complete 
Prosody, is intended to make the pupil 
thoroughly acquainted with the rules 
ibr^ Hexameters and Pentameters, 
which are required before he can 
compose from English words. Elach 
Exercise is preceded by a lesson con- 



taining rules and verses to be imitated. 
The great advantage of the book is 
that the verses are not nonsensey but 
have been carefully selected so that 
they can be construed by the pupil, 
who thus learns from the first to avoid 
mixing the words of different sentences. 



A First Verse Book, Part II. ; 

containing Additional Exercises in Hexameters and Penta- 
meters. 

By the same Author. 

Third Edition, i2mo. ix. 



Prolegomena Logica : An Inquiry into 

the Psychological Character of Logical Processes. 
By the Rev. H. L. Hansel, D.D., Dean of St. Paul's. 
Second Edition^ corrected and enlarged. 8vo. lar. 6</. 
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A Greek Primer for the use of Schools. 

By the Rev. Charles H. Hole, M.A., Scholar of Worcester 
College, Oxford; late Assistant Master at King Edward's 
School, Bromsgrove. 

Crown 8vo. 4J'. 

Herodoti Historia. 

Edited by H. G. Woods, M. A., Fellow and Tutor of Trinity 
College, Oxford. 

Crown 8vo. (/« preparation. ) 

The First Italian Book ; 

on the plan of " Henry's First Latin Book." 

By Signer Piflferi, Professor of Italian, and Dawson W. 
Turner, M.A., Head Master of the Royal Institution School, 
Liverpool. 

i2mo. 5^. (id. Key, \s. dd. 

A Complete Edition of Homer's Iliad, 

from the best Text, with copious English Notes, and Gram- 
matical References. 
By Thomas Kerchever Arnold, M. A. 

Third Edition, iimo. 1 2 j., half-bound. 

In this Edition the argument of each ties of form, of the adjectives with two 

book is broken into short parts, which forms, of the Homeric adverbs and 

are inserted in the text before each adverbial phfases, and explanations of 

paragraph, in order to give the student Homeric words by Buttmann, are given 

an idea of what follows. ^ Lists of the in the form of appendices. 
Homeric substantives with peculiari- 

Gradus ad Parnassum Novus ; or, 

Poetical Dictionary of the Latin Language. Founded on the 
Thesaurus Poeticus of Quicherat. 

Edited by Thomas Kerchever Arnold, M.A. 

8vo. I or. 6</., half-bound. 

The Gradus Novus contains : — i. A separate Notice of each 
meaning of the Word treated. 2. A careful Selection of 
Synonymes, or. Quasi- Synonymes, under each meaning. 3. A 
careful Selection of Appropriate Epithets and Phrases. 



TAe Iliad of Homer, from a carefully 

corrected Text ; with copious English Notes. 

By the Rev. William TroUope, M. A., of Pembroke College, 
Cambridge ; and formerly one of the Masters of Christ's 
Hospital. 

Sixth Edition, 8vo. 15J. 

The Iliad of Homer, from the Text of 

Dindorf. With Preface and Notes. 
ByS. H. Reynolds, M.A., Fellow and Tutor of Brasenosc 
College, Oxford. 

Books 1. to XII. 
Crown 8vo. dr. 

Horati Opera. 

Edited by J. M. Marsball, M. A., Fellow and late Lecturer 
of Brasenose College, Oxford. One of the Masters in Clifton 
College. 

Crown 8vo. (/« preparation, ) 

The Lyrics of Horace. 

Done into English Rhyme. By Thomas Charles Baring, 
M.A., late Fellow of Brasenose College, Oxford. 
Small 4to. 7j. 

Professor Inmans Nautical Tables, 

for the use of British Seamen. 

New Edition, by the Rev. J. W. Inman, late Fellow of St. 
John's College, Cambridge, and Head Master of Chudleigh 
Grammar School Revised, and enlarged by the introduction 
of Tables of \ log. haversines, log. differences, &c. ; with a 
more compendious method of Working a Limar, and a Catalogue 
of Latitudes and Longitudes of Places on the Seaboard. 
Royal Svo. idr. 
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Isocratis Orationes. " 

Edited by John Edwin Sandys, B.A., Fellow and Lecturer 
of St. John's College, and Lecturer at Jesus College, Cam- 
bridge. 

Part I. Ad Demonicum et Panegyricus. 
Crown 8vo. 4s, dd. 



*' This is one of the most excellent 
Works of that excellent series, the 
Catena Classicorum. Isocrates has 
not received the attention to which 
the simplicity of his style and the 
purity of his Attic language entitle 
him as a means of education. Now 
that we have so admirable an edition 
of two of his Works best adapted for 
such a purpose, there will no longer 
be any excuse for this neglect. For 
carefulness and thoroughness of edit- 
ing, it will bear comparison with the 
best, whether English or foreign. Be- 
sides an ample supply of exhaustive 
notes of rare excellence, we find in it 
valuable remarks on the style of Isoc- 
rates and the state of the text, a table 
of various readings, a list of editions, 
and a special introduction to each piece. 
As in other editions of this series, short 
summaries of the Jirgument are inserted 
in suitable places, and will be found of 
great service to the student. The com- 
mentary embraces explanations of diffi- 
cult passages, with instructive remarks 
on grammatical usages, and the deriva- 
tion and meanings of words illustrated 
by quotations and references. Occa- 
sionally the student's attention is called 
to the moral sentiment expressed or 
implied in the text. With all this 
abundance of annotation, founded on a 
diligent study of the best and latest 
authorities, there is no excess of matter 
and no waste of words. The elegance 
of the exterior is in harmony with the 
intrinsic worth of the volume."— .<4/A^- 
naunt. 



"This Work deserves the warmest 
welcome for several reasons. In the 
first place, it is an attempt to introduce 
Isocrates into our schools, and this 
attempt deserves encouragement. The 
Ad Demonicum is very easy Greek. 
It is good Greek. And it is reading 
of a healthy nature for boys. The 
practical wisdom of the Greeks is in 
many respects fitted to the capacities 
of boys ; and if books containmg this 
wisdom are read in schools, along with 
others of a historical and poetical 
nature, they will be felt to be far from 
dry. Then the Editor has done every 
thmg that an editor should do. We 
have a series of short introductory 
essays; on the style of Isocrates, on 
the text, on the Ad Demonicum, and 
on the Panegyricjts. These are cha- 
racterized by sound sense, wide and 
thorough learning, and the capability 
of presenting thoughts clearly and 
well. '* —Museum. 

** By editing Isocrates Mr. Sandys 
does good service to students and 
teachers of Greek Prose. He places 
in our hands in a convenient form an 
author who will be found of great 
use in public schools, where he has 
been hitherto almost unknown. . 
Mr. Sandys worthily sustains as a 
commentator the name which he has 
already won. The historical notes 
are good, clear, and concise ; the 
grammatical notes scholar-like and 
practicrilly useful. Many will be wel- 
come alike to master and pupil."— Caw- 
brid^e University Gazette 
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A Practical Introduction to Latin 

P»se Cottposition : Part I. 
ByTluniaB Kerehever Arnold, M.A. 
Fifteenth Edition, 8vo. 6j. iid. Tutor's Key, \s, (ki. 



In this Worlf the rules for the 
government and arrangement of words, 
and the Idioms of the Latin language 
are given in shovt lessons, and illus- 
trated by examples from the best 
authors : the exercises that follow, 
are so arranged, that the rules are im- 
pressed on the memory by very fre- 



ouent re^tition. Much attention has 
teen paid to Synonymes and to the 
use of the Subjunctive. Throughout 
the book one object is steadily kept 
in view, that of making the gtnetynl 
construction of sentences of more im- 
portance than the mere government 
of cases. 



The Formation of Tenses in the Greek 

Verb ; showing the Rules by which every Tense is Formed from 
the pure stem of the Verb, and the necessary changes before 
each Termination. 

By C.S. Jerram, M. A., late Scholar of Trinity College, Oxon. 
Crown 8vo. \s. 6d, 

Latin viA English; being the Second 

Part of Spelling turned Et)nnology. 

By Thomas Kerchever Arnold, M. A., late Rector of Lyndon, 
and formerly Fellow of Trinity College, Cambridge. 
Fourth Edition. i2mo. 4J. ^d. 

Private Devotions for School-boys; 

together with some Rules of Conduct given by a Father to 
his Son, on his going to School. 

By William Henry, third Lord Lyttelton ; revised and cor- 
rected by his Son, fourth Lord Lyttelton. 

Sixth Edition, 32mo. dd, 

Martialis Epigrammata. 

Edited by Gheorge Bntler, M.A., Principal of Li\€ry)ool 
College ; late Fellow of Exeter College, Oxford. 

Crown Svo.. (/« preparation. ) 
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Pearson's Exposition of the Creed. 

Edited by Temple Chevallier, B.D., Professor of Mathematics 
in the University of Durham, and late Fellow and Tutor of 
St. Catherine's College, Cambridge. 

Second Edition. 8vo. lar. 6^. 



Persii Satirae. 

Edited by A. Pretor, M.A., of Trinity College, Cambridge, 
Classical Lecturer of Trinity Hall, Composition Lecturer of the 
Perse Grammar School, Cambridge. 

Crown 8vo. 31. dd. 



" This is one of the ablest editions 
published in the Catena Classicorum 
under the superintendence of Mr. 
Holmes and Mr. Bigg. Mr. Pretor 
has adopted in his edition a plan which 
he defends on a general principle, but 
which has really its true defence in the 
special peculiarities of his author. Mr. 
Pretor has given his readers trans- 
lations of almost all the difficult pas- 
sages. We think he has done so wisely 
in this case ; for the allusions and con- 
structions are so obscure that help is 
absolutel)r necessary. He has also 
been particularly full in his notes. He 
has thought and written with great 
independence. He has used every 
means to get at the meaning of his 
author. He has gone to many sources 
for illustration. And altogether he has 
produced what we may fairly regard 
sks the best edition of Persius in Eng- 
lish." — Museum. 

"In undertaking to edit for the 
Catena Classicorum an author so 
obsure as Persius confessedly is, Mr. 
Pretor has boldly grappled with a 
most difiicult task. He has, however, 
performed it very well, because he has 
begim, as his Introduction shows, by 
making himself thoroughly acquainted 
with uie mind and temper — a suffi- 
ciently cynical one— of the poet, and 
thus laying a good basb for his judg- 
ment on the conflicting opinions and 



varying interpretations of previous 
editors. The bulk of his commentary 
is from Jahn ; and if we were disposed 
to object, we should say that some por- 
tion of the matter he has transferred 
to his pages might as well have been 
omitted. _To explain Persius satis- 
factorily, i. e. to make him really 
intelligiUe, it is necessary rather to 
keep before the reader the thread of 
the story, and to point out the less 
obvious, because purposely obscured, 
allusions and the sudden changes of 
the characters in the dialogues, than 
to dwell too much on the explanation 
of the words. If the satires of Peraus 
are difficult, they are also very short ; 
and the more a commentary can be 
kept within reasonable limits, the more 
willing students will try to master the 
matter. All that can be required by 
the student of Persius, including an 
elaborate introduction, a preliminary 
exposition of each satire, and a very 
copious index verborum, is now com- 
pressed in a volume of less than 150 
pages. It is a most useful book, and 
will be welcome in proportion as such 
an edition was really very much 
wanted. The good sense and sound 
judgment shown by the editor on con- 
troverted points give promise of ex- 
cellent literary work in future under- 
takings of the like kind." — Cambridg§ 
University Gazette. 
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Sophoclis Tragoediae. 

Edited by E. C. Jebb, M.A., Fellow and Assistant Tutor of 
Trinity College, Cambridge. 

Crown 8vo. 

Part I. The Electra. 3J. dd. Part II. The Ajax. 7^. 6d. 



"We have no hesitation in saying 
that in style and manner Mr. Jebb's 
notes are admirably suited for dieir 
purpose. The explanations of gram- 
matical points are singularly lucid, the 
parallel passages generally well chosen, 
the translations bright and graceful, 
the analysis of arguments terse and 
luminous. Mr. Jebb has clearly shown 
that h^ possesses some of the qualities 
most essential for a commentator." — 
Spectator. 

"The notes appear to us exactly 
suited to assist boys of the Upper 
Forms at Schools, and University stu- 
dents ; they give sufficient help without 
over-doing explanations. .... His 
critical remarks show exact and acute 
scholarship, and a very useful addition 
to ordinary notes is the scheme of 
metres in the choms/ts.**— Guardian. 

" We have seen it suggested that it is 
unsafe to pronounce on the merits of. 
a Greek play edited for educational 
purposes untU it has been tested in 
the hands of pupils and tutors. But 
our examination of the instalment 
of *SophQcles,' which Mr. Jebb has 
put forth, has assured us that this 
IS a needless suspension of jud^ent, 
and prompted us to commmit the 
justifiable rashness of pronouncing 
iipon its contents, and of asserting after 
due perusal that it is calculated to be 
admirably serviceable to every class 
of scholars and learners. And this 
assertion is based upon the fact that 
it is a by no means one-sided edition, 
and that it looks as with the hundred 
eyes of Argus, here, there, and every 
where, to keep the reader from stray- 
ine. In a concise and succinct style 
of English annotadon, forming the tiest 
substitute for the dme-honoured Latin 
notes which had so much to do with 
making good scholars in dajrs of yore, 
Mr. Jebb keeps a steady eye for all 
questions of grammar, construction. 



scholarship, and philology, and handles 
these as tney anse with a helpful and 
sufficient precbion. In matters of gram- 
mar and sjTitax his pracdce for the 
most part is to refer his reader to the 
proper section of Madvigf's ' Manual of 
Greek Syntsuc :' nor docs he ever waste 
space and time in explaining a con- 
struction, unless it be such an one as 
is not sadsfactorily dealt with in the 
g^mmars of Madvig or Jelf. Expe- 
rience as a pupil and a teacher has 
probably taught him the value of the 
wholesome task of hunting out a gram- 
mar reference for oneself, instead of 
finding it, handy for slurring over, 
amidst the hundred and one pieces of 
information in a voluminous foot-note. 
But whenever there occurs any pecu- 
liarity of construction, which is haid 
to reconcile to the accepted usage, it is 
Mr. Jebb's general practice to be ready 
at hand with manful assistance." — C<wi- 
temporary Review. 

"Mr. Jebb has produced a work 
which will be read with interest and 
profit by the most advanced scholar, 
as it contains, in a compact form, not 
only a careful summary of the labours 
of preceding editors, but also many 
acute and ingenious original remarks. 
We do not know whether the matter 
or the manner of this excellent comr 
mentary is deserving of the hicher 
praise : the skill with which Mr. Jebb 
has avoided, on the one hand, the 
wearisome prolixity of the Germans, 
and on die other the jejune brevity of 
the Porsonian critics, or the versatility 
which has enabled him in turn to 
elucidate the plots, to explain the verbal 
difficulties, and to illustrate the idioms 
of his author. All this, by a studious 
economy of space and a remarkable 
precision of expression, he has done for 
the ' Ajax ' in a volume ot some aoo 
pages." — A theneeum. 
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Platonis Phaedo. 

Edited by Alfred Barry, D.D., late Fellow of Trinity CoU 
lege, Cambridge, Principal of King's College, London. 
Crown 8vo. {In preparation^^ 

Taciti Historiae. 

Edited by W. H. Simcoz, M.A., Fellow and Lecturer of 
Queen's College, Oxford. 

Crown 8vo. (/« preparation. ) 

Thucydidis Hisiorta, 

Edited by Charles Bigg, M;A., late Senior Student and 
Tutor of Christ Church, Oxford. Second Classical Master of 
Cheltenham College. 

Vol. L Books I. and II. with Introductions. 
Crown 8vo. 6^. 



"Mr. Bigg in his *Thucydides* 
prefixes an analysis to each book, and 
an admirable introduction to the whole 
work, containing full information as to 
all that is known or related of Thucy- 
dides, and the date at which he wrote, 
followed by a very masterly critique 
on some of his characteristics as a 
writer. " — A theiurum. 

"While disclaiming absolute origi- 
nality in his book, Mr. Bigg has so 
thoroughly digested the works of so 
many eminent i^redecessors in the same 
field, and is evidently on terms of such 
intimacy with his author as perforce 
to inspire confidence. A well-pondered 
and well-written introduction has 
formed a part of each link in the 
' Catena' hitherto published, and Mr. 
Bigg, in addition to a general intro- 
duction, has given us an essay on 
* Some Characteristics of Thucydides,' 
which no one can read without being 



impressed with the learning and judg- 
ment brought to bear on the subject." 
— Standard. 

"We need hardly say that these 
books are carefully edited ; the reputa- 
tion of the editor is an assurance (» 
this point. If the rest of the^ history 
is edited with equal care, it must 
become the standard book for school 
and college puiposes." — John Bull. 

" Mr. Bigg first discusses the facts 
of the life of Thucydides, then passes 
to an examination into the date at 
which Thucydides wrote ; and in the 
third section expatiates on some cha- 
racteristics of Thucydides. These 
essays are remarkably well written, are 
judicious in their opinions, and are 
calculated to give the student much 
insight into the work of Thucydides, 
and its relation to his own times, and 
to the works of subsequent historians.'* 
— Museum. • 
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The Prayer Book Interleaved ; 

with Historical Illustrations and Explanatory Notes arranged 
parallel to the Text, by the Rev. W. M. Campion, B.D., Fellow 
and Tutor of Queens* College and Rector of St. Botolph's, 
and the Rev. W. J. Beamont, M.A., kte Fellow of Trinity 
College, Cambridge, and Incumbent of SL Michael's, Cam- 
bridge. With a Preface by the Lord Bishop of Ely. 
Fifth Edition, Small 8vo. 7j. fi<L 



Selections from Modern French Au- 

thors. 

Edited, with English Notes and Introductory Notice, by 
Henri Van Laon, formerly French Master at Cheltenham 
College, and now Master of the French Langus^ and 
Literature at the Edinburgh Academy. 

Part I.— Honor6 de Balzac. 
Part II.— H. A. Taine. 

Crown 8vo. 3*. dd. each. 



"This selection answers to the re- 
<iuirements expressed by Mr. Lowe in 
one of his speeches on education, where 
he recommended that boys should be 
attracted to the study of French by 
means of its lighter literature. M. Van 
Laun has executed the task of selec- 
tion with excellent taste. The epi- 
sodes he has chosen from the vast 
'Human Comedy' ave naturally such 
as do not deal with passions and 
experiences that ai-e proper to mature 
age. Even thus limited, iie had an 
overwhelming variety of materials to 
choose from ; and his selection gives a 
fair impression of the terrible power of 
this wonderful writer, the study of 
whom is one of the most important 
means of self-education open to a cul- 
tivated man in the nineteenth century." 
-PdU Mall Gazette. 



"This is a volume of selectioqtt 
from the works of H. A Taine, a 
celebrated contemporary French au- 
thor. It forms an instalment of a 
series of selections from modem 
French authors Messrs. Rivingtons 
are now issuing. The print, the ex- 
tracts, and the notes, are as excellent 
as in a previous publication of the 
same kind we lately noticed contain- 
ing extracts from Balzac. The notes, 
in particular, evince great care, study, 
and erudition. The works of Taine, 
from which lengthy auotadoos are 
given, are, * Histoire de la Litt6ra- 
ture Anglaise,' * Voyage en Italic,' 
and ''Voyages aux Pyrenees.* These 
compilations would form first-rate class- 
books for advanced French students." 
— Public Opinion. 
\ 
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The Holy Bible. 

With Notes and Introductions. 

By Chr. Wordsworth, D.D., Bishop of Lincoln; fonnerly 
Canon of Westminster, and Archdeacon. 

Imperial 8vo. 

Part 



Vol. I. 38J. 



Vol. II. lis.. 



Vol. III. i\s.\ 



Vol. IV. 34J.^ 



I. Genesis and Exodus. Se- 








cond Edition 


I 


I 





II. Leviticus, Numbers, Deu* 








teronomy. Second Edi- 








tion 





18 





III. Joshua, Judges, Ruth. 








Second Edition . . . 





12 


6 


IV. The Books of Samuel. 








Second Edition . . . 





io 





V. The Books of Kings, 








Chronicles, Ezra^ Nehe- 








miah, Esther. Second 










I 


] 





VL The Book of Job. Second 













9 





VII. The Book of Psalms. 








Second Edition . . . 





IS 





VIII. Proverbs, Ecclesiastes, 








Song of Solomon . . 





12 






VoLV. 34J. 



( IX. 
X. 



Vol. VL 



IX. Isaiah o 12 6 

Jeremiah, Lamentations, 
and Ezekiel . . . 
/ XI. Daniel (/« preparation), 
I XIL The Minor Prophets . . 012 o 

Liber Precum Publicarum Ecclesice 

Anglicanse. 

A Otdielmo Bright, A.M., et Fetro GolcUmith Xedd, A.M., 

Presbyteris, CoUegii Universitatis in Acad. Oxon. Sociis, 
I^tine redditusi 

In an elegant pocket volume, with all the Rubrics in red. 
New Edition, Small 8vo. 6j. 
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Catechesis ; or, Christian Instruction 

preparatory to Confirmation and First Communion. 

By Charles Wordsworth, D.C.L., Bishop of St. Andrew's. 
New and cheaper Edition, Small 8va is. 



*'The whole work, in &ct, is a mas- 
terly one, whilst doctrinally it leaves 
nothine to be desired. To the clergy 
generally, and for the higher schools 
of all kinds, it will be found most use- 
ful. It is by far the best with which 
we are acquainted : infinitely superior 
to the common run of catechists* 
ilianual&'' — Emglisk CMurchman. 

*' This is now an old book, but it is 
an uncommonly good one, as we can 
personally tesufy, having had it in 
more or less constant use for some 
sixteen years. It is a real boon to the 
clergy that they may now have it for 
two shiUine& " — Literary Churchman, 

" The chief value of the work is in 
its devotional character ; its tendency 
every where to make the intellect wait 



upon the heart Another most im- 
portant quality is the consistent de- 
ference every where paid to the 
Church's formularies and Holy Scrip- 
ture, so that it is impossible to regard 
the volume as a party one either way." 
— Clerical Journal. 

"A very valuable manual, drawn 
up with much care. It would be a 
very suitable book to put into the hands 
of children who are fairly well edu- 
cated." — Church Review. 

"It needs no recommendation at our 
hands, for it is properly looked upon 
by many as a standard work. It is 
moreover unquestionably and tho- 
roughly systematic, and conveys much 
information regarding the Christian 
religion." — Umon Review. 



Terenti Comoediae. 

Edited by T. L. Fapillon, M. A., Fellow and Classical Leo 
turer of Merton Collie, Oxford. 

Crown 8vo. ^r. 6^ 



Sophocles: Five Plays, with English 

Notes from Schneidewin. 

Edited by T. X. Arnold, M. A., the Ven. Axohdeaeon Punl, 
and the Rev. Henry Browne, M. A. 

i2mo. 

Ajax. 5/. Philoctetes. jj. CEdipus Tyrannus. 4/. 
CEdipus Coloneus. ^r. Antigone. \s. 
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A ristotelis Ethica Nicomachea 

Edidit, emendavit, crebrisque locis parallelis e libro ipso, aliis- 
que ejusdem Auctons scriptis, illustravit Jacobus E. T. Bogers, 
A.M., CEconomiae Politicae Praelector. 

New Edition, Small 8vo. 4?. dd. 
Interleaved with writing paper. Half-bound, dr. 

Arithmetic for the Use of Schools ; 

with a numerous collection of Examples. 

By B. D. Beasley, M. A., Head Master of Grantham Gram- 
mar School, and formerly Fellow of St. John's College, Cam- 
btidge J Author of ** Elements of Plane Trigonometry." 
i2mo. 3J. 
The Examples are also sold separately ; — 
Part I.— Elementary Rules. %d. 
Part II.-— Higher Rules, u. dd, 

yuvenalis Satirae. 

Edited by 0. A. Simcoz, M.A., Fellow and Classical Lec- 
turer of Queen's College, Oxford. 

Thirteen Satires. 
Crown 8vo. y. 6d, 

" Of Mr. Simcox's 'Juvenal' we can Juvenal, his Satires, and the Mann- 
only speak in terms of the highest com- scripts.' —A tAemsum. 
mendation, as a umple, unpretending "This is a very original and enjoy- 
work, admirably adapted to the wants able Edition of one of our favourite 
of the school-boy or of a college pass- classics.** — Spectator. 
man. It is clear, concise, and scrupu- " £very class of readers — those who 
lously honest in shirkinjg no real diffi- use Mr. Simcox as their sole inter- 
culty. The pointed epigrammatic hits preter, and those who supplement 
of die satirist are every where well larger editions by his concise matter 
brought out, and the notes really are — will alike find interest and careful 
what they profess to be, explanatory research in his able Preface. This, 
in the best sense of the term." — London indeed, we should call the great feature 
Review. of his book. The three facts which 

'* This is a link in the Catena Clas- sum up Juvenal's history so far as we 

sicorum to which the attention of our know it are soon despatched ; but the 

readers has been more than once internal evidence both as to the dates 

directed as a good Series of Classical of his writing and pubUshing his 

Works for School and College pur- Satires, and as to his character as a 

poses. The Introduction is a very writer, occupy some fifteen or twenty 

comprehensive, and able account of pages, which will repay methodicsu 

study. " — ChurchmoH. 
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A Practical Introduction to Greek 

Accidence. With Easy Exercises and Vocabulary. 
By Thomas Eerchever Arnold, M.A. 

Eighth Edition, 8vo. 5j. dd. 



The New Testament for English 

Readers; containing the Authorized Version, with a revised 
English Text ; Marginal References ; and a Critical and Expla- 
natory Commentary. 

By Henry. Alford, D.D., Dean of Canterbury. 
2 Vols. 8vo. 54?. 6</. 
Separately, 

Vol. I, Part I.— The Three First Gospels, ivith a Map. 

Second Edition, \zs. 
Vol. I, Part II.— St. John and the Acts. Second Edition, 

I or. dd. 

Vol. 2, Part I.— The Epistles of St. Paul, with a Map. 

Second Edition. j6j'. 
Vol. 2, Part II. — Hebrews to Revelation. Second Edition, 

i6j. 



An Introduction to the Devotional 

Study of the Holy Scriptures. 
By Edward Meyrick Gonlbnm, D.D., Dean of Norwich. 
Ninth Edition, Small 8vo. 3J. dd. 



A Catechism compiled and arranged 

for the use of Young Persons. 

By Edward B. Bamsay, M.A., Incumbent of St. John the 
Evangelist, Edinburgh, and Dean of the Diocese. 

Eighth Edition. iSmo. \s, 6d. 
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Theophilus Anglicanus ; or, Instruct 

tion concerning the Church, and the Anglican Branch of it. 
For the use of Schools, Colleges, and- Candidates for Holy 
Orders. 

By Chr. Wordsworth, D.D., Bishop of Lincohi. 
Ninth Edition, Small 8vo. 5^. 

A Dictionary of the English Lan- 

guage. 

By Bobert Gordon Latham, M.A., M.D., F.R.S., &c., late 
Fellow of King's Collie, Cambridge, Author of "The English 
Language," &c Founded on that of Dr. Samuel Johnson as 
edited by the Rev. H. J. Todd, M. A. With numerous Emenda- 
tions and Additions. 

2 Vols. 4to. 7/. 

Outlines of Norwegian Grammar, with 

Exercises ; being a Help towards acquiring a practical Know- 
ledge of the Language. 

By J. Y. Sargent, M. A., Fellow of Magdalen College, Oxford. 
Small 8vo. 

The First Hebrew Book; 

on the Plan of ** Henry's First Latin Book.'* 
By Thomas Eerchever Arnold, M. A. 

Third Edition, i2mo. 7^. (id. Key. ^s, 6d, 

In this Manual, the difficulties by a considerable part of the book the 
which learners are most commonly paradigms and exercises are printed 
deterred from the study of Hebrew both m Hebrew and English cha- 
are smoothed by a gradual exhibition racters. 
of the facts of the language. Through 

The Second Hebrew Book ; containing 

the Book of Genesis. With Syntax and Vocabulary. 
By Thomas Eerchever Arnold, M. A. 

i2mo. 9x. 
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BiiJingtfln's School antr ©ollfgc Xfat 

HistoricB Antiquce Epitome; from 

Cornelius Nepos, Justin, &c. With English Notes, Rules for 
Construing, Questions, and Geographical Lists.' 
By Thomas Eerchever Arnold, M.A. 

Eighth Edition. i2mo. 4^. 

P. Virgilii Maronis ABneidos Libri 

I. — VI., with English Notes, chiefly from the Edition of 
P. Wagner. 

By T. Clayton, M.A., and C. 8. Jerram, M.A., formerly 
Scholars of Trinity College, Oxford. 

Small 8vo. \5. 6d, 

Virgil s Eclogues and Georgics. 

A Prose Translation. By an Oxford Graduate. 
Crown 8vo. %s. 6d, 

Homer for Beginners ; containing the 

Iliad, Books I. — III., with English Notes ; forming a suiiicient 
Commentary for Young Students. 
Edited by Thomas Xerehever Arnold, M.A. 

nird Edition, 1 2mo. 3J. dd, 

A Practical Introduction to Greek 

Prose Composition. Part the First. 
By Thomas Kerehever Arnold, M.A. 

Tenth Edition, 8vo. Sj. (id. 

In this Work the Syntax is broken be thoroughly impressed upon the 

up into short lessons, each followed by mind The pupil thus gradually learns 

a Vocabulary and Exercise, and pre- the niceties of the kuguage, whilst 

ceded by Model Sentences in Greek, one object is steadily kept in vie\v, 

containing^xamplesofthe rules, whilst that of making the general construe- 

each exercise contains many examples turn 0/ sentences of more importance 

of the back rules, so that by imitation than the mere government of cases, 
and very frequent repetition they may 
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A Syntax of the Greek Language^ 

especially of the Attic Dialect, for the use of Schools. 

By Dr. J. N. Madvig, Professor in the University of Copen- 
hagen. Translated from the German by the Rev. Henry 
Browne, M. A., and Edited by the late Rev. Thomas Eerchever 
Arnold, M.A. With an Appendix on the Greek Particles, by 
the Translator. 

Square 8vo. 8j. dd* 

The Theatre of the Greeks : a Series of 

Papers relating to the History and Criticism of the Greek 
Drama. With an original Introduction and Notes. 
By John William Donaldson, D.D. 

Seventh Edition, 8vo. 14?. 

A Practical Introduction to Latin 

Verse Composition. 
By Thomas Eerchever Arnold, M.A. 

Fourth Edition, l2mo. 3^. dd. 



This Work supposes the pupil to be 
already capable of composm^ verses 
easily when the sense " is given. 

Its object is to facilitate his transition 
to oneinal composition in £legiacs 
and Hexameters, and to teach him to 
compose the Alcaic and Sapphic 
stanzas : explanations and a few exer- 
cises are also given on the other Hora- 
dan metres. A short Poetical Phrase- 
oloigy is added 



In the present Edition the whole 
Work has been corrected, the transla- 
tions being carefully compared with 
the originals. The Alcaics and Sap- 
phics have been arranged in stanzas, 
and each kind of verse placed in a 
separate chapter^ the old numbers of 
the Exercises being preserved for con- 
venience in use. Omer improvements 
have been made which it b hoped will 
add to its value. 



An Analysis of the Exposition of the 

Creed, written by the Right Reverend Father in God, 
J. Pearson, D.D., late Lord Bishop of Chester. Compiled 
with some additional matter occasionally interspersed, for the 
use of Students of Bishop'sf College, Calcutta. By W. H. Mill, 
D.D. 

Third Edition, 8vo. %s. 



Demosthenis Orationes Privatae. 

Edited by Arthur Holmes, M.A., Fellow and Lecturer of 
Clare College, Cambridge. 

Crown Svo. 
Part I. — De Coroni. {Nearly ready,) 

Materials and Models for Greek and 

Latin Prose Composition. Selected and arranged by J. Y. 
Sargent, M.A., Tutor, late Fellow of Magdalen College, 
Oxford; and T. F. Dallin, M.A., Fellow and Tutor of Queen*s 
College, Oxford. 

Crown 8vo. {In the Press.) 

An Outline of Logic, 

for the use of Teachers and Students. 

By Francis Garden, M.A., Trinity College, Cambridge, Sub- 
Dean of Her Majesty's Chapels Royal ; Chaplain to the House- 
hold in St. James's Palace ; Professor of Mental and Moral 
Science, Queen's College, London. 

Small 8vo. \s. 

The Syntax and Synonyms of the 

Greek Testament. 

By William Webster, M.A., late Fellow of Queens' College, 
Cambridge. 

8vo. ^j". 

The Syntax is based upon Donald- not been noticed by other writers. In 

son's, with extracts from the writings another chapter attention is drawn to 

of eminent English Theologians of the some passages in which the Authorized 

present day. The chapter on Syno- Version is inexact or obscure. Copious 

nyms treats of many words which have Indices are added. 

A Key to the Knowledge and Use of 

the Holy Bible. 
By John Henry Blunt, M. A. 

Small Svo. 2i. (id. 
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A Key to the Knowledge and Use of 

the Book of Common Prayer. 
By the same Author. 

Small 8vo. 2j. dd, 

A Key to the Knowledge of Church 

History. (Ancient. ) 
Edited by John Henry Blnnt, M. A. 

Small 8vo. 2J. td, 

A Key to the Narrative of the Four 

Gospels. 

By John Pilkington Norris, M.A., Canon of Bristol, for- 
merly one of Her Majesty's Inspectors of Schools. 
Small 8vo. 2s. 6d, 

University of Cambridge. Local Exa- 

minations. Class Lists. For the Exammations held in De- 
cember, 1869. 

8vo. 6</. 

University of Cambridge. Local Exa- 

minations. The Eleventh Annual Report of the S)mdicate, 
presented to the Senate, March, 1869. With Supplementary 
Tables. 

8vo. \s. dd. 

University of Cambridge. Local Exa- 

ininations. Examination Papers, with Lists of Syndics and 
Examiners, for the Examinations of Boys and Girls. Held in 
December, 1869. To which are added the Regulations for the 
Examinations in 1870. 

8vo. 2J. 
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